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SCIENTIFIC SESSION ON Hﬁgﬁpgpg;qkﬂgﬁON:REGU@%%;ngQQ WATER GOﬁRSEég RUNOFF}
Pabl,By the Technical Institate 9f the Bulgarian Academy of Selences,
197 p,Sofis,1957, . o ¢, (Transl, by .Clavdius F.Mayer,M.D,,aug,1958).
P.3) 6 n

PREFACE,

The great importance of waters in the development of the ns%ional econemy in
our country had been already recogniced at the earliest times, Yet,in the past the
waters were exploited to a limited degree,and the water ecomomy se well as ¢hs en-
terprise of water constructions developed slowly,

Before 9 September 1944, the power of all hydro-electric centers amounted to
about 80,000 kilowatts,and the improved arees measured about 740,000 decars(74,000
hectars) of which 350,000 ara dralned and situated chiefly along the glde of the
Duna River end at the Black Sea, and 386 000 are irrigated,situated in ¢he basin
of the rivers Marica,Tundgha,Strums and Mesta -~ in Southern and Southwestern Bule
garia,The improvemsnt of the rivers was very slight and unsystematlic so that the
e¢ffect of the improvement works was insignificent, This state of water economy and
thip condition of the watersconstruction enterprise had its repercussion algo upon
%he status and development of hydrology in the country.Untll recenily,ws had no%
have 2 united single good logical and scientifically based hydrometrical network;
the observaiione on the water stands and the measurements of the water volumes in
the water sources were not done regularly snd systematically so that their data were
uncertain,

Radically different are the conditions after 9 September 1944 when %he rule
went over into the bands of the Nation,with the Bulgarian Communist Party{BCP) at
the head, By learaning from the rich experiences of the U,5.S5.R.,the Hatlonal Repub-
lic of Bulgeria started with deliberation upon the road of socialism,and in a short
time 1% was transformed from a lagging-behind sgrarian land inio an industripl =8gra~
rian country,with colledtive treatment of the land and strongly inereased productive
Torces,With the development of productive forces, the requiremenis in relation’ te
the vater resources ware slso enlarged,The need of water for irrigation, for gain-
ing power and for watering has grown 1ncred§$1y mach, On the other hand ,with the
naclonalization of the ipdustry and with tﬁéﬂéteaticn of the Work Cooperative Agra-

rian Economy("TKZS") the abstacles which in the past were preasing ¢he water econ-
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paratively short time,a RLED fof water ‘é1e&t#1d denters were investigated,plsn-
ned and constructed, as &éff“ﬂsaiffigationai and (P.4) drainage gystems and hydirc.
technical quipment; for them such as dams, tunnelsobridgeacanals(aqueducts)etcno

of which no one would even dare to dream in the past,Let us recall some of them only:
- the damg "Vasil Kolarov","Aleksandr Stambolljski" "Georgi Dimitrov","Studena®
(Cold) and the "Stalin"; - the water electric centrals "Asenice IV, "Asenica II",
"Trhat{Sorrow) ;"Rosica", "Batoshevo", "Petrokhan","Klisura®(Gorgse),"Georgi Dimitrov", =
"S¢.Zagora® ,"Pasarel" "Kokal jane"  “Batak" ,and others; -- the irrigation systems
“Stalin" (The Brushljansk and. the .Ssndrovsk lowlanda)D“P¢rvamaJ"D“Pirinska Bistrice®,
"Cherven Brjag"{Red Coant), "Rosice®, "St.Zagora" and others, There were construct-
ed about 600 small dams and reservoirs and more than 1000 sounding wells by which
the locsl waters are used for irrigation and for other water economical needs,

The Second Five-Yesr Bational Economical Plan(1953-1957 years) provides for
the doubling of production of electric snergy in relation to the year 1952 and for
the enlargement of ¢the irrigational areas to 5 million decars,or to s size from 1Z
to 15 times more than that in the year 1944,

With the expansion of water economy,and with the uge of ithe waier resources of
the country for energy,irrigational,watering and other purposes,the requirements for
hydrological investigations have also increased and changed,investigations which
glve strong impetus to the development of hydrology and call fo 1ife alsc the neod
for the development ef %he hydrological sclence,In the yesr 1946,in the State Poly-
technical Institute, a special chalr wae created for hydrology snd hydraulice.In the
year 1951,¢he Service for Hydrology,which formerly used to belong to the Ministry
of Electrification and Improvement, was united with the Service for Meteorology iate
a single pervice when,parallel with 1%, the services for engineer hydrology were
created in the planning organizstions, In the very same time,from 1945 until teday,
the Scientific Research Institute for Hydrology &nd Meteorology and the Branch for o
Hydrology in the Technical Institute of ¢he Bulgarisn Academy of Sciences were cre-
ated.Important achievemnts of practical and theoretical nature have been noted,Yet,
together with the achievements of the peoplggthere are aleoc a series of weaknesses
the mors pubstantial of which arei- the ntiil exlsting lack of an unified scientif-

ieally grounded hydrelogical network; the’lapae irto formalism a% the study of %he
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regime of the water sources; the neélect'ing' oﬁ;ﬁceitnimrfie.i&s importeat in the man-
agement of waters such aw $he'thydrblogical forecaats,slcsAll this urges the necessity
of a basic survey of ‘the::condition of hydrology and:.of ~the hydrologicel science in
our cruntry and the ne;d to outline,as much as this is possible, the trends and the
tempog of their future development.

P.5) In its desire to satisfy these needs,the Technical Institute of the Bulger-
ian Acedemy of Sciences takes the initiative for the organization,jointly with the
Scientific Research Institute for Hydrologzy snd Meteorology, of & united scientific
conference, Y T R -

The regime of our rivers,however, is such that the correct and purposeful
use of their waters is possible only through an artificial regulatlon of the water
courses end through their adaptation %o the needs of the soclety of people.With ref-
arence to this,in the agends of the conference,reports are also included on the reg-
ulalion &f water coursss, and the sphere of organigers of the conference waz widened
== with the perticipation of the VTO( Departmental Technical Organization)"Hydro-
snergy Projeck’,

The confersnce was held on 27 and 28 February 1956,with the following agsndas

1) Opening,with & brief address by Academiclan L,CHAKALOV,Secretary of the
Class for mathematica,phyeical and technical sciences of the Bulgarian Academy of
Sclences,

2) “Development of hydrology snd of the hydrological science in the HNational
Republic of Bulgariale.. rs-port of Engineer Professor B MARCHINKOV,member of the
Selentific Gouncil of the Technlcal Institute at the Bulgarian Academy of Sclences,

3) "New trends in the development ef hydrology"-- remort of Engineer R.PA-
PAZOV,junior scientific coworker in the Technical Institute of the Bulgarlan Academy
of Sclences,

4) YScientific foundation of the hydrological network in the Na%ional Repub-
lic of Bulgaris'-- report of Engineer IVAN MARINOV,Director of the Scisntific-Re-
search Institute for Hydrology and Meteorology.

5) "About the hydrological forecasts"-~ report of Engineer R.MINCHEV,junior

selentific coworker in the Scientiiic Resee Institute for Hydrology and Meteoroclog

8) "Methods for regulation of waté§ courses and their gpolication in eur

gountry'—— report of Enginecr SHELI BENATOVA and Engineer R,RAJKOV, Departmental
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) "Refleciiobs o5t the /hydrological: characteristics at the regulation of
water coursee'—. report byiigineer R, RAJEOV and Bngiaeer:i SHELI BENATOVA, Depart-
mental Technical Orgeniration “Hydroenergy Project®,

g8) DRacussion of the delivered reportes . i >

9) Closing of the deliberation with un sddress by Corresponding Member,
Engineer Prof,D,VELEV, Director of the Pechnicel Institute at the Bulg garian Academy
of Sciencess

The intercut in the conference wun greata~ more than 150 engineers of the
production,and sclentific workers heve stter 18d, After the reports, lively discus-
sions were arrenged in which 35 peonle f%uck part, (Ps6) A proposal was aleo submi b=
ted which was unanimously accepted, to have the materials of the confer.ence o= the
repor’s and the statementdao printed in a separate publication so that 1% could be-

. come %he property of a wider circle of snmecialists,

. The present work appears ag an ARswer to this progons,ls it contalns the re-
) porta,some of ths rost espential discussions and the conclusions and recommendations
made at the conference,We remark with regret that for technical reasons it was im-
possible %o inserh 21l discussions although many(elmost all) contalned valuable
’, thoughts erd reconmendations.For those who are interested in the omitted pertis also,
%he stenograms o’ the conference stand st disposal,
Sofia May 1767, Corresponding MemberDIMO YELEV,
~
?%ﬂ“ {continued on next page)
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DEVELOP!'‘ENT OF HYDEBLQG&:AED THE EYDROLOG;G@LISGIENCE IN OUR COUNTRY.

D O e o o W o oa ™ o ow om

T UdG ~E

Introductigg,q‘

The water has alw;ys played a great role in the economy of all countries,
Unlike other treasures of ﬁature such &8 coal,0il minersl ores, the weter rescurces
are constantly renewed, and,thanks to the circulation of the waters of the Earth
globe,they represent one ever lasting source, Man hae been alweys striving,with re-
ference %o the technical development in the correspending era, to exploit the waters
for satisfying his needc'and for improving hie mode of 1ife, While in the past times
this was achleved with cémnaratfwely primitive means, more recertly,with the ad -~
vencements ¢f technics, ;n aspiration has been alive after much greater utilization
of the water gources,Today,with the high level upon which the hydrotechnical cono
structi;n wvorks stand,the waters are utilized much more purposefully and systemat-
lcally for irrigation,for water supply,for obtaining the electric energy,for water
transportation,and so on,

in certain cases howeverj;the waters turn out harmful effects $00i== with
an unfavorable situation of the waters on and under the land surface, swemp forma-
%ion or high stand of the ground waters is provoked by which the health and hygien-
ic co-iitions of the affected regions are deteriorated,or the regular growth of the
agricultural plantatione is impeded.On the other hand ,with floods due %o the swell-
ing of the rivers, bridges,dams and similar other equipments,flooded valuable cul-
tivable arear and populated places may become damaged or destroyed,while not infre-
quently even human victime are taken,

And in both instances,appropriste measures are taken which in the first ine-
tances have the purpose of utilizing the wrters in the glven direction, and in the
other instances, of removing or minimizing their harmful sffects,

The measures by which the utilization of the water rescurcese is realized in
& given direction are cslled "water ecoromical eor Yhydrctechnical!, The water econ-
emical measures presupvose the construciion of a geries of equipments,

To have built a given water ecunomical measure with the greatest economical
offect,it 1s necessary ¢o draw up besleally the soocalled "wauvcr econemical studies"

{p.8) == plang which show the main stages of the planning.But while with the plaie
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ning of other engineering constructions knowledBdWAsGutithe regims c» a utilizable

water source 1L not requiTédjarithis holds goo&ma’cf"ally only for certsis engineer

constructions,with the water structures the basic ~veognition ‘of the rsgiwmea of the

water sources ito be utilized rep;eoente the absciniely necessary imitial step.Without

basically recognizing %he ragime of the water souines,it is irpossible to expect ol {
ther an accurate plenning of the waeter econsmics) we&aures,or a pury veeful explolit-
ation of the same,

The non-recognition of regimes of the water sourcee may lead elther to the fl

congtruction of large a,n? expensive equipments with overeutimation of the water cur- K{

Py - ]

* rents, or to an lirrationa]]. use of the water cu.rrent; with an umie estimation of the
same, Similarly with an overestimation of the high vaters,it mar 2sme %o & complete I
compromising of the equipment and to human victims,Thet 18 why 2 fundamental duty
of any hydrological service today is to study the regime of the water esurces. i

In the studying of the water sources,s special sclence, hydrology is #}5 en-
gaged which tepresents one of the geoophysical disciplines, As & part of gsophys-
ice,==2%he general science which studies the rhysical and other processes that arlae
on our planet,.-hydrology is also in contact with the other geophysical dlscivliwes,
.==-auch as meteorology with which they join in the studies of rainfallie, 67 4re &vap-

. orations and of the other climatic elements, and gsology (which siniise the entrails
of the Earth) with which it joins in the general siudy of the prob.czus sbout the
arifts snd the subterranean waters,Bydrology hae & close contact wifb geography,too.
We cannot present the hydrologicsl features by tearing them out of the environment
in which they apvear,

A% today's stage of the development of hydrology,those sactions are in or-
der which have differentiated into sevarate disciplineso~ hydromeiry,hydrogeology.
sceanclogy,This doer not ssem however any reason for their losing connection between
themselves,On the contrary,with their shaping as independent disciplines,they acquire
a wider basis and thelr connections witslf other disciplines are better realized,
with which they have common points of contact,Thus,for instance,l1imnology includes

y not only the studiee which are related to the balance of the water sources, but also

those related to ithe balance of the materials and of the energies.In ¢he science

sbout swamps,in addition to the questions about the water courses, the questions of

morphology, genesis, physico-chemistry and geography ¢f the swamp formstions are

also considered,
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which ¢here is

It will Ba aleo 3nvregerdydo &

ne regular understanding andtknowledge in our coundlFov R

while in the past.i%.was'thought that hydrolesgy in general was & scientif.

ic branch which had for its gcal to serve the hydrotechnleal construction lndustry
and it was even mistreated as'a section of hydrotechnicsctodsyothanks to the high

level on which hydrology is kept in the U,.S.S.R.,the understanding for these prob-
Jems has radically changed.is the experience has shown in this first soclalistic
_country in the world in which hydrology holds the first place all over the world,
ths famoue Soviet hydrologlets,—-Prof #.A.VELIZANOV, Prof, I,I.(p.5} CHEBOTAREV,
Prof.D,SORKOLOVSKI and otherse- think that the great dewvelooment of hydrology and

the pre-eminent role of this sclence in the U,S.S.RB, are due to the opportune sep-

aration of hydrology into an independen® discipline which gives service not only %o

the hydrotechnicel construction industry but also to the other branches of the na-

%$ional economy,including aleo the defense of the country. It is however in radical

contradiction with the staging of hydrology in the other countries, Even up to the
present day,in many countriee hydrology is a supplement of the hydrotechnical dis-
eiplines.in his work "Hydrology of the land",1948, Prof,M,A,VELIKANOV statess" Hy-
drology as a science is a child of %he Great Octrobist Revolution', In the same
work he further announces:” We think that hydrology as a science about the activity
of the waters of the Earth and hydrology as a sclence about the hydrotechni :al con-
struc¥ion industry,as an engineering ‘Yechnical discivline, ought to be siri - ily dle-
%inguiehed from each other, Every science growes out of the needs of life and in
front of the practica it justifies 1ts existence by useful results,together with
shig,however, it also has its own proper Llogice,The science always represemis &
system",

S.R.NIKITIF in "Principles of Biver Hydrology"(1952) states:" From & sub-
sidiary science of hydrotechnics,the Soviet hydrology grew up %o become an indepens
dent geopbysical science which developed and branched off into a series of soparate
disciplines,"

AN, ,CHEBOTAREV in "Hydrology of the Land and River Confluence" 1250.ttatess
* Primarily hydrology has developed in close connection with hydrotechnics snd phys-
ical geography which is the main reason that hydrotechnics and geographies have pre-

tended %o include 1t in the sphere of their own jurisdiction having no considera-. -
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tion for ths role aAd: ffar'i.t?ié’iﬁﬁt»‘f?rfance of “hyd#stogy ras an+ixidependent outgrowth
of scientific knowledge,Twisthirés decades havérh&rafycpasiéd since hydrology pres-
ented itself as sn indép¥idént’discipline end?theévwrégults are evident at hand,"

Ap we see, bydrology is & young sclence snd it conquered its place as an
independent discipline in the Soviet Union, Inspite of:the fact that even in other
countriec it has acquired a‘welloXnown development; it would be daring to say that
what hed been a&fieved in certain countries in the codrse of one century and a
half it came about & little quicker ts the U.S.S.R, in the last 2-3 decades,

Thie legeing behind of ths other couptriessisidue to the inaccurate under-
standing that hydrology waild be directly subordinated fo the hydrotechnice and thet
the hydrological studies must be directed only in reéference to the hydrotechnical
constructive industry.As an oxample of this wrong development of hydrology we mus?
put in evidence the unilateral evolution of the same in the various countries, Thus,
in France,Austria.and Hungary hydrology chiefly developed in connection with the
fight against inundations, in Bavaria,in Switzerland,Sweden &nd South France-- in
connection with the use of the water energy, in the U.S, and in Italy-- in connec-
tion with the 1mprovem;ants and in Germany-- in connection with the develovment of
the vater ways.The same was obperved in Russia,too,before the revolution when hydrol-
ogy bas developed chiefly in connectlon with water transoortation and with the im-
provements, (P,10).Basic results in connection with it are not achleved, and for this
reason the water sources and the technical regime are not studied at all.

Egpecially in the U,S.S5.R, this situation had been put to & resevaluaziion,
and already in 1919,in relation with the elsctrificational plan, the question was
put for the creation of an independent State Hydrological Ingtitute which would be
charged with the task of organizing the whole-sale gtudy of regimes of the water
sources in the U,.S,S.B, Thers is nothing €o siop us in the development of hydrolugy
of the subzeyquent decades, in the methods of work and in the achievemént,but we
shall only remember that the building of such structures as are the Great Consziruce
tions of communism is poseible only with hydrological studles which stand wpon a
very high lsvel, But to lead up to this high level of hydrologlcal studies it was
also necessary to solve the guestion of the personnel staff, This was alec solved
in s radical way in the U.S.S.R, Speecial hydro-meteorological instituter were there

created which prepare specialist hydrologists(engineer hydrologists), Fram thess

STA
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facts 1t is evident thals thwwired¥eses in the ULS.S.Rs dn the fleld of hydrology ars
due to the timely separiitivh %5f'bydrology imtoi-the’sclence and the practice and §fte
1%s development into ah ‘indépendent disciplines ° PR

I, Developmsnt of hydrology i# our country.

Immediately after the Liberation there was no type of hydrological comstruc-

$ionindustry,

Activity in this direction was manifeated in the administration of the 1ir-
rigationin the Mariehka Valley which wae sccomplished by primitive methods inherid-
ed from the Turks for which hydrological or hydrometrical studies were not required,
This is the main reagon that sven an embryo form of hydrological investigations is
lacking,

Gradually,with an arrangement of the affairs of the waters by means of reg-
ulations in regard. to gicing right for the usilization of the waters by private
people and in regard to administering the irrigation, during 1910 the question arose
about conséituting & few water reading stations on the Marica River for %he purpose
of studying the regime of the water level and of helping the Waters Adminls@ration
with the distribution of the water in the various irrigation districte,Yet,this
aid not go into effect, and no stations were opened on the chief irrigation canals
which would service the irrigationespeclally on the cansl YPashasrk", on the canal
i jakhrikebir", on the canal "Sniark! etc.

With thie ,the fire & perio a4 starte in the developmen$ of by~
drology.For this time, with the purpose of getting water resdings on the Marica
Biver st the ci%y of Pezardghik, at the city of Plovdin, at the village of Pepaz-
1ij, o gat water stands at the river Tepolnica in the village of Kaluger and at
a few other points, by the 3nitiative of the management of the Waters Service, brig-
ades were established in which the englneers P.ABADZHIEY V. VASILEV and others had
participated,They prepared water-reading seales from wood,with metal membranes pas-
1ed onto them that represented the lining of the geales, These water-reading scales
were dlstributed to their local designations,end fastened onto ¢he bridge plllars
of the corresponding points,(P.1l). Thersafter the levelling of the mull points
of ¢he water readings(s bench ma#king) was made,which is found by the contemporary
“Reports of the Water Stands®,as the informations were called which the observers

L
promulgated to ¢he adminisirators of thé water services, The observationg {hemselves
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were madg according -to mpecistl,fimtmctions”gngxmpbglg advising o1 the observers.l¥
should be recorded thatsgdbeside.such water readings #atablished at these places and
the regisiration of the water stands, which could;nol;be used even for the assumed
purpose for which they were organized( the edministration and the dietribution of
the waters),nothing else was accomplished, But even much & beginning from which
something more could develop faded away.

¥ith the entry into the Belkan War in 1912, the account giving on the watoer
stonde st these few posts was discontinued.After the end of the Balkan War a few
water resdings were still made.of the rivers in ng:the;'n-‘Bulgariaoa.nd these were
gupplemented in Southern Bulgaria ,but the observations for these readings did ne?
differ at all from the one practiced at the originelly established stations.

In the period from 1913 %o 1915, nothing more was congequently achieved nelo
ther in %he understanding about the ore;anizat}on of the water reading stations, not
in %%ts purpose either, Tk;e impression is even gained that the water stands were obe
served ,without being used for any concrete purposes— simple reg istrea
tion without concrete ntilizgation of the ¢ 0o 3
Jected data.

The Furcpean War which came in 1914 had an influence upon this beginning
{during the time of the war the observation of the water stands was abandoned at
most places for the second time), Thus thé works have also continued after the con-
clusion of the Furopean War-- before 1920, and with this the £ 1 r 8 t veriod in
the development of the hydrological studies comes to an end, In common features, it
1s characierized by s lack of clarity in the goals of tha original wvorks themsslves,
snd by sn almoet complete unuesbility of the collected data, The meagurements of
the water quantity are almost missing, which would however exolain,at least %o a
certain degree,the regime of the rivers at the posts at which the water reading sta-
tions have been established,In general, before 1920 the observations have been car-
ried out in 48 statlions.

The s e c ond period beging in 1920, Stimulus for it was given by the
coming into force of the Law about water syndicates and about the State program
for the waters, In the same Law for water syndocates and the State prorram for the
waters, the river basins are polnted out which have to be built up, and the places

where the damg will be constructed,The other hydrotechnical measures were glso pointe
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ed out, In general aml ae e principlec the waters affairs, and the relations be-

tween ths State, the nrivnte ugere of water and the cooperative associations-- the
rlf gos? 1 3w

water syndicates were organizgd,)tn & special paragragh the importance of the hy-
drological(Bo-called hydrog;a;hic;i) studies was accounted for,as the studies were
enumerated which had to bs completed —. observations of the water etands, meapure=
ment of the water amounts, of éhe directions, of the evaporation, photogravhs of
the river basins,stc, According to the Law for water syndicates provision was made
that the Waters Service should have four departments of which the Department of Hy-
arograpby would administer the water ussge and would algo carry out the hydrometric-
al end hydrologlcal studies, For this speaks also the circumstance that the setiing
of the water reading stations was chiefly started at the sites of ¢he future hydro-
technical objects,without abandoning,0f cours2, even the setting of water readings
for the general characterization of the regime conditions in the cther rivers,

it should be considered that the beginning of the hydrometrical network
was thereby established in our country, however imperfect it might have been and
however on 1ts hasia the chief principles might have not corresponded with the stand-
ards of hydrology in the other countries of those deys, Almost the entire country
was covered by a network of water reading stations the density of which wasg not
large end 1t hardly counted about 80 stations as 1% repregented mainly the chief
riversie MaricaoIekyruTundzha“GhayaovychaoElidereDOsﬁmnYantra and others.All this
makeg again the impression that the high mountanous areas were not reoresented,in
spite of the faect that a few of the dams in the State Waters Program were foreseen
at these places,It must be also noted that no serious stepe were made %o start the
moasurement of the water quentitiee at the water reading ststionsg,and theoreby %o
have any,though just orlenting data received on the regimes of the rivers whereby
ths observation of the weter stands would be rationalized,

Exactly at this time,Volume I of the Archives of the Ministry o¢f Agriculture
with the 3itle "Tha ¥ater Forces in Bulgaria® was published by engineer Iv . MAVROV
in which work,beside pointing out %the water sources for utilization in the country,
thrhydrological studies of gsome o f the rziveres
are alno given at which rivers the constructions of hydrotechnical objects were
planneds- the rivers Vilcha,Topolnics, Osym, Chays, and others, The lack of whatever

may be & hydrological basis in the country before this moment{ as we shall also see
thersafter for quite a while)
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thereafter for quito a vhilo) becomes svident fron tho circusmstance that in this work

the regime of the rive;‘e il.; ‘;;Etmi:to an oxtmtly unutinfactory 1light.This showe that
in our country cocmplete ngnuneu was then besn in existence concerning the relation
of the hydroiogical regime of the rivers which va;.t;oﬁeu led to the condition that
engineers of good preparation,which type mighi have been also engineer I1v.MAVEOV,
were given an estimate on the water paesage of the river Topolnica at the village of
Lesichevo at an average of 640 millicn la.; On the other hand the correlation of the
water passage of the rivors Topolniet and Vicha 18 auch that the Topolnica river was
stated as having more passage of water than the Vicha river whose water passage is
atill far from what &t has in reality. The 2% ¢imes overestimation of the water pas-
sege of the Topolnica river however{ and it is the same with the other rivers) is
characteristic for a lack of perfect orientation about the relation of conditions
of the water passages of the rivers in our country.

In the period from 1920 until now, the observation of the water stands was
carried out more accurately.The same is true also for the instruction of the obser-
vers of the vater readin au;ionsa In 1923,the first instruction for the observation
2% the water reading statione was published; as it gave the basic elemenis how %o
do the observations., In the instructions the ordinary waters are differentiated from
the extrsordinary ri:elp of waters(waves,tides) and for the latter the times of ob-
servation are given in general,There axist & serles of regulsiions which allow %o
make the conclusion that, unlike the first pericd of the hydrographic service, light
was thrown upon the methodology of making (p.13) the observations of the water
stands and upon the aim that was pursued by these observations. Semething more than
the service for water, in the city of Pazardzhik they organized the taking of sam-
ples for sedimentation from the river Topolica to determine its turbidi ty.The me-
thod by which the samples were taken was & primitive one, and the handlirg itself
of the samples ¢hmgelves was a still more prinitive ons.All this again shows the
progregs and ¢hat the aims which were pursued in the taking of these samples v2re
clear for the organisers of the servics. But not only this hapoened:-- in the wsub-
saquent years,after collections of material they came to publishing the data for

the water stands for the period from 1924 to 1926 inclusively. In this publication
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The water stands are glveén for:the observed water readihg stations on maps
and en graphs of the movehent lines of the water atande., Besides,in the Yearboolk
for 1925 an analysis was given of the flood of the Marica River at the town of
Pgpzardzhik and also the kay curve of the water reading Ho.4 of the same river,Es-
timate was given on the flood of the Marica river in 191),and valuable concluasions
wore made. The arsa flooded dy the river Marica,in the district from Pazardshik ¢e
Plovdiv was represented on themap, It may be said that these are the first infor-
mations in the literaturs yhich,although in a scanty form, give a few plausible
characteristics on our rivers,

iZ the period from 1920 %c 1926 was poor concerning the measursmnts of the
vater arouats Ly means of hydrometrical acrew, such msasurements started in 1926
and wvers continued wntil now., The atart coincldes with the entry of engineer Iv,
GANEV into the hydrcgrachical service upon whem wae put the task ¢o organize ¢the
works of hydrometry.From that year on,mecgurements of the water guantities wers
started a¢ some rivers im the country such as the rivers Vilcha,Tepolica,Elidere,
Chaya ,Osyin, M{tivir, Kamchaya,Vit,Tandzha end others, by means of a hydrometric

geraw. A new instruction was worked out for the obsexrvation of the water stands,and

aimilarly such for the methodology of measuring the water amounts and of the comput-

ation of ¢the water amounts themselves.s model was also compossd by which the squal-
ization and the kay curves of the water amounts could be obtained by a methed of
the least squares.These are the firast key curvesz for our rivers which,although even
Just appreximative, already give an idea sbout the conditions of the water pas-
sage at scme postes of the couniry, Morsover, im 1928 in ths hydrographic service
overflaws ware projected and such have been constructedffor instance) at the river
Mymivir in ¢he village of Sorsemkale,in the land of the village of Mukhov, and

the ice of the river Topolics was stebilized with a threshold st the village of
Lesichev in the Pazardehik district,This stakiiicalion plays a positive role for
gsome time, However, the constructed overflow of the river Mitivir was not able %o
£aifill i%e purnvse,becauss the river is very rich im alluvial drag.and in & shert
time &he tract behind the overflow was obetructed so that 1% could mot further func-
tion as an overflow, As we shall ree, such mistake was also admitted more recently

et the overflow of the river Vidima.,and at other places,In the same year, a hydro-

i T
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metric bridgelet was constrpeted on the river Igiir.at Km 35 plus 900 by the high-
¥ay to the town of Samckov{nsar the vlace of the construction of the Stalin dam),
Thers wae not sufficlent leaway provided (p.14) for it in height, and it was de-
mglished at the time of a high water stund. Yet,it accomplished its funciion for
a while un%il 3¢ waz carried away:; & series of measurements were made by it which
measurements are characteristic for the regime of the river Iskylr,

Everything that was said as far about this period aspeaks for a greater
compe tence—~ even for a specialisation in this mattsr.Howsver,the organizators of
that time;;l in the service have looked mnch narrower upon the tesk of the hydrolog-
ieal investigations,and they wers contented with doing partial investigations of
the water passages at o few posts only,The reason for this must net be seught in
them g6 much as $&n the material beeis vhich was very wenk, But even this partial
activity was interruptad in the yesr 1930 when sngineer Iv.Ganev left the servica,
Therewlth cams the end ¢f these investigetions and actually of this period ,teo,

In the years from 1930 to 1934 almost nothing had been done beside the ob- .
sexrvation of the water stande.¥he publication ef the year Dooks was also stopped,

The water stands have bsen obaervad but they were ileft to the observers themselves,

and were hardly controlled Ly snyone,The obtained reporis in the water Service werza
distributed into ¢ke filee and there they remained,Things went on ¢his way until

the year 1934.0aly e fow ravigions of the precipitations were sccomplished which

were made by the ther chief of the wWater Departmenti engineer Ya, Zslkov; however,

this wae hie personal activity, In all the same time we established,jointly with

engineer Zelkov, the hydrsolozical year for Bulgaria to run from November the first A
until October the thirtyfirst.

The $hdird period started in 1935, In this year in the budget
of the wator Departiment —- which lhad four subonit inspectorates:- studying, hydrog-
rapby.etructureand water syndicate-- the Ingpectorate for Hydrograpby was provided
with a special hydrometrical service with two engineers, three technicisns,and twe
notaries{scribes) .7t mugt be noted that until that time the Ingpectorate for Hydrog-
rephy h2d i¢s own list of functionaries who wers engazed only in the administra-

tion of the usage cf water.The provided new functions were exclusively for hydrol-

- _ - _ ;7 - 3
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oglcal and hydrometrical ntudiss,Into this newly consr%_ituted service came at this
CUvEa g0

%ime the engineers Sapunsv exd Merchinkov, The difficulties which they had to cope
Conie b .k

<4
with wers axtremely lurge.Above all,trained people wore lacking who could assume

I
the works and who conld carry out the works successfully, In the same Water Depart-
ment o part of the mangzemant persomnel had a negative attitude towards the newly
crested service,which has been considered as unnecessary, The new gservice could ox-
ig% and advance only with i;ha support of management personnel of the Water Dspart-
men? yhich support was not given, The same preparation of the ¢wo engineers who en-
tered the service was itself unantiefactory for them 20 sope with the taske aasigned
%o thom,since until then no systematical hydrologlcal studies had been carried out
end po ecxperience waz available, The circumstance that a new service was created ,
iadesd & speclal service, compolled 1% %o be correctly organized, ',

The firat and fundamentisl problem which sriszss in connection with the organ-
gsatio:z 61’ the new service would be then the reoerganigstion of the precxistent hy-
drometrical(p.15) network whig:h was noY in correspondence with the contemporary re-
guirements without changes. The network itself was constructed in an slementary mmn-
ner. The water reading siations ware zpread chiefly in ¢he middle and the lower muns
of the rivers; With foreaeceing the great difﬁcultieu‘ which would come if the not-
work were reorganized whon large mumbers of the existing water readimgs should have
beem replaced, 8 ¢ was decided to0 woerk with this ne t
vork for a eertain time while 4 ¢ wes being reorganiged and
filled out gradually, To this resolution the ecircumstance almo contributed that ag
%the moment vhen the hydrometrical activity siarted we did not have any idea of the
vator pasenge conditions in the country. To basically reorganize a metwork,it means
that the water pmsssge conditions of the rivers in the country are known at least
partially. That i why the work is contimued with the exleting notwork,There were
8ix sets of hydromeirical propellers supplied four of which wers sent to the Prove
inces apd two remained at the contral service.lt has to be remarksd that at this
time the waters were administered by seven regions and five districts, Some of these
services had old hydrometrical screws most of which were not in use snd were put
In%s activity, The naxt task of the newly constituted service was %o compile ing-
tructions for the observatiom of the water atands.Such instructions were worked oul

in all provincial services, Later,instruction was also compiled for the measuring
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of water amounts, As a bifl‘i‘:a?oi‘ﬂthiu instruction sorved the already in 1929
printed work of engineo:;"i;,,t}anev entitled "D!ir:o:i:n: Ifodrwncwxring with the
Voltman screw".The new ingtruction in form of a circ,ttx‘lc;‘r yas 2luborated for ths
provineial services to serve ;a a Zulde in the carrr.lnc out 0¥ the hydrometrigs®
meagursments. At the beginning of the antumn of 1935, wwo setz of hydrometrics’
Foepellers were inspected and two brigades were con;%itute\ﬁ sach composed of #thrge
Pecple —— an engineer, a technician end a scri™e-.. one of the teams for Northern
Bulgaria and another for Southern Bulgaria, which teams had to do the measurement
of ths water amounts— more spscificelly 5! the low sutumnal waters aiong shout

20 posts in the two parts of Bulgaria,This first oi:'velopmont of the network with

& purpose of measuring the waters had great significance,sincs at th. pame plane
%2 became acquainted wi%h a certein number of points 6f the network ond with ¢he
observers themselves, 1% was astablished thet the chservers up to that moment wers
left alone to themselves and that mlmost no kind of control was exerciged above
their work,neither wers they in the kmowlasdge until ¢hat time how %o act in certain
gpecific cases{obssrvation of high waters, measurement of the temperatures of the
vater, noting of the apoearance of ice,etc,).After the brigades were completed, a
detailed iastruction waez worked out for the observation of the high waters,which
bad to be turned over to the property of the observers through the corresponding .
regional and district enginesrs, Moresover, it was determined that %o perform the
negasurenent of the water amounts an average of three-four days were necessary for
one measurement.It was the decision of the central hydromeirical service to do mez-
surements twice annuelly-- in the monthe of April and May, and September and Octoo
ber since by the regions and the districts s$ill 3 Go 4 measgursments are to be done,
It i & pity that 8¢ ia impossible %o remlize these meagurements thoroughly since
20% each service was provided with hydrometrical(p,16) propellers, Then it was or-
dored %o a few of the regions and districts which owned propellers %0 perform the
megosuresents in the nelghboring regions and districts which did not hsve such Prop=-
ellers,which wns not well acoepted.Inspite of this,such measuremsnts have been par-
formed,It ahould be considered that with 5.5 measurements annually the key curve
could ba compiled for each water reading(the snnual) which follows, aud for 2-3
years we had already an ides,though not a very precise one, about the water pas =

oage conditions in our country.Many misleading facts snd mistakes were disseminated
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about the relationa of tho vater pasugm in ous eonnﬁryo
reeh oo,

This munber of 4.5 saaenrgment: y=arly was alss very amall according to
our opinion, btut there was x;\o vay %o increase thotr nunbemn wag considared to
have the measurements made upon the high waters in ths regions and the distriets,
and they(the regions and dlstricts) we.e instructsd %o do such nessurements.Hors,
hovever,ws were not abls to gat help which we had expected from the ragions snd the
dlatricts because o7 the urhapoy attl.nds sf the mansgament towerd(sgainst) the by
drological investigations.There had been, hoyever,canses at which the ragional and
the dlstrict onginsers showsd a special intsrest and love Goward the hydrologieal
invegtigations ,which 43 the cage with the regional engineers of the regions of
Starezagor, Paverdshi , Trnov, Kyusiendil, and Shumen, With a suecial accuracy wers
performed the ;ox:ka in ¢he Starozagcr region,

In the nean'time,,in the service the probleme shout subterranean waters were
put %o condideration slse the problems of the messursment of the sedimentations of
the evaporations,etec, }Besidﬁ & fow lnvestigzations of orgenized character, 1% was
#ot possible o accomplish almoat anything in this ares becauge of the weak material
auproré.Accomplished wae the experience(Ths experience was gained) that a set of
sounds was suppliod,but the people who were put in charge of the set were unable
0 flfill their obligation,Twe gadimentation apnaratuses wyare ordered in Germany
together with 2 series of sisves which yeré delivered very late-- one 2t the end
of the year 1943, and because of the evacuation of the service,they could not bhe
put te uss,

After 9 Sentember 1944, the perapsctives for the development of the hydrol-
ogleal serviee had coneiderably grown.i$ mist bs romaxlked that 2lways in connecltion
vith the eutlined development, the perspective widened for the utilization of the
vaters ia the country and fer the reorgenization and enlargement ef tho service., The
Seviet hydrologists who are present im the capltal{ef the service of the Seviet
Army) hed paid visits %o the service mad had given velusble recommendations.In this
vay,2 contact was eetablished with the hydrologists Kocketkov Dzhogauya  B.Enzancev,
Hishechenko,S. Zanokhvalov, 1% was asked by the Waters Director that they should give
£rom their peint of view a written opinicn concerning the conditlion of the Servics.
Aftor ome week's study,Xechetkov on his part came out with s written declarasion
%o the Dirsctorate of wWaters im which he gaid that the aervics was correoctly ori-

ented,but it was %oo small in comparison with the sizs ef the tasks which hegve to
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be fulfilied,that the network must be widened(both the hydrological as well as the
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meteorological,aud this chiefly at the mountainous districtse- the highland sectors).
s%hat the studies should bzkia“il‘;“;t‘&rted into A;ht:ﬁ:fe:;;tkaeupoutionDprecipn
itation and underground wate;'l;anﬂ there should betra 'st!;;'t made for the predictiocn
of the watsr passages, He stated that among all %the Relkan states we got to Che
first place in hydrological invastigetions,(p.1l7) dese are countries—- Creece where
such a gervice does not exizt in general, Theze recommendations hal been fulfilled
about undertaking of a few emall reorganizational =wsasures, since i¢ was atill not
poesible at all ¢o undertake largs measures, on sccount of budget reasons,

The subsequent years after September 9,1944, do not emerge as s new pariod
since no measures vere yet undertaken which would create a new setting of work in
the hydrological servics.Ths persomnel of the service was enlarged but the struc-
ture of the gsrvice completely remained the same.This way 1% went on until 1949 when
the gervice,which by 1947 went already over %c the Ministry of Electrification,at
the sugxestion of the Soviet specialist engineer Mojseev, was reorganized.

The period from 1935 until 1949 may be considersd as such in which we had
a hydromséx-ical service vhich was organized, though small., Systematic meaazurements
wers accomplished though not in that revge in which such measurements should have
been mede,for vhich the conditions were lacking,The service established itself and
wade efforts and achisved indisputable results.The workers in the service had e
surmbunt excepiional difficulties at ths performance of their jobs and they had %o
protect the service until 9 September 1944, It may be said that thes achievements
wore obtained thanks to individual workers who have worked in the service withoud
total cooveration of the management of the Waters Service.In this relation there
is an ossential differsnce im the understanding before and after 9 September 1944,
Though 8%ill unorganiged, after 9 Septemver 1944 a radical change came into the
attitude toward the service,

In this peried 1¢ had been possible to collect hydrological data which will
be used by the planners as well as by the service itself for an cutline of the hy-
droclogical regime of the country., Lot us consider only iz what position we would
be if in this period these investigations would not have been done which sven up
to now are being utiliszed for the cheracterization of the water vassagoes,In such

a2 caze our entire hydrotechnical construction enterprise after 9 September 1944

yould have been laid upon & sendy basis.
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In this period werxalgo published the year books for the hydrological eb-
sexvations in ¢the country.Zron<1934 until 1940, The firat two year books-- for 1934
and for 1935-. contain in & systematic form the water stands at the observed water
readings of the rivera( including the river Duns) ‘and of the Black Sea,aud also
the water stands of the wells for the underground waters in the Karabosz and tho
¥idin lowlands,There wvere also the water-collective regions given of the vater-read-
irg points and the benchmarks of the water-reading poste. To each yaarbook annexes
were attached— charts for the yearly rainfalls with projected water roadings and
the pluviometric stationa, and charts for the diatribution of wells in the Vidin
and the Karabosz lowlands,

In the same period,an experimental hydrological section was created on the
Eftina river,pt Che villags of Kurilo, jointly with the Forest Service.At this small
water-collecting region five pluviometric stations and & consiructed overflow wers
Placed, The water-collsetive region was outlined and the investigationa(the studies)
(p.18) of the water amounts and of the ralnfells wore started({through messuring
the remainder bshind ths barmgo);ﬁ'@r unknewr reasons however,innediately after 1944,
thae rainfall measuremsnts were not communicated %o the people(they were %aken by
soe service and placed(posted) elaswhere),and this undertaking which sheuld have
throvm light wpon the pracipitation and the water passage Tegime of a snell river
eould not be realized, Im this period the firet computation of the curve was worked
out by a method of mathematical statistice.I? was done on the Topolica river,at
the village of Lesichevo,as the water smount of 1858 was inquirasd inge.

T™e foeurth poriod starts with the year 1949, The gervice for
hydrology wae ergsnized.With the new organization,local central water guarters wors
organiged which wers put under the diract eadministration and action of special
Persons— water-oversesrs whe controlled the work of & group of ebservers of water
readings.The contral administration waes reorganized,changes were glso accomplished
in the petwork,XInvited was alac the Soviet specialist hydrologue enginesr P, ELISEEV
who introduced valusble improvemsnts into the network and info the methodology of
the work of the service,By his recommendationg,s scientific council was orgeniged
vwhich started o be engaged in the actual problems in comnection with the new stz
ging of the workers, The new service started %o publish im 1950 the review orgam

entitled "Hydrologis®, The Seientific Councii was convoked frequently and problems
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wers placed about the district divisioning of :theicountry ‘in hydrological relation,
about the hydrological terminology; about the iwccount: giying of the irrigational
waters between two water-reading stations,etc. To-the gservice ¢wo consultants were
2lso mominated ¢o the Scientific Department-- professors. The instrumental support
was also improved as well as the instructing of observers. Thors was also created
& "tarags®(repair)({2) station with a circuit besin at the Army Bamp, The service
is independent,though it is under the Ministry of Electrification,

The reorganited service compriases two sectors—— a hydrological and a met-
eorelogical. In the meteorological sector there is nothing to stop us except in
the cases whers the work of the two sectors is interwvoven. This combination,dons
at the suggestion of the Soviet specislists, is loglcally the result of the connec~
%4on which exists between the hydrelogical and the meteorological elements,The hy-
drological gsctor in the service is shaped with the following four subdivisions:

a) a hydrological scisntific department which treats the methodical sud scientifie
problamas; b) g department *Networks® which sdministeras ¢he hydrological network,
zoceives snd controls the psrformed chbservations, gives instructions for the perx-
formance of the observations,and similar others; ¢) a dspartment "Hydrologieal
work-up¥— carries out the working-up,the treatment of the date ebtained from ths
obgegrvations and measurements it compileg the key curves end 1i¢ determines the pri-
mary hydrological charactaristics and d) a devartment *Water Cadastre®(Register)
which is epga.ged iz works for syatematizing and arranging of the recsived hydrel-
sgienl characteristice in%o a single system, with regard ¢o their convenient usage
by plenners and other interested people.This department performs alse the physieco-
geographical description snd arrangement of the climatical elements in the corres-
ponding water-collactive regions,

(p-29) 1In this period the widening of the metwork was accomplished inasmach,

au the mountainouas regions were much more representsd, i1.e., water readings were

arrenged which controlled the water passagss of the small water-cellecting arsas.

A% the start of the year 1950 there were 228 stations, 8 posts and 20 wells., The
question of opening and also of closing some stations will bo considersd in a spe-
oial report, Hsre we only give the resulis of the reorganization ef the natwork in
relation %o the number of stations as in 1950 there wers 265 statlons observed.

The water remding stations,found in the following years,i.e.,after the uni.

on of the hydrological service with the Meteorological Institute, show the follow-
ing courses:
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Special attention umstxbe paid to the fact thatoin distinction from the
past{actually before the year 1940 Dobrudzha was not at all under our government)
we have such stations also in the Dobrudzha,with regard to the study of the com-
plicated hydrologlical regime in thls region,

Depending uvon the elements which are observed,the ctations are grouped in
four sets,At the hydrologicel investigations,attention is aleo paid to the regime
during the winter,

For the accomplishment of the work by the network,== obeserving the water
stands and measuring the water amounts, the territory is divided into 4 regions
(formerly into ? regions) e6‘ that each region has an engineer,, a technician and cth-
er administrative and assisting perconnel, For the more operstive performence of

the control on the observation of the water readings and on the work or the stations,

the country is generally subdivided into 60 districtegeach of which 1s administers

ing and checking a group of woter readinge,The managers of these districts have

gone over qualifying courser of two months’duration and they are familiar with
every wozk that ie to be dcne at the water readings. s

Even up to the present time, the syetem of observation of the water stands
d3d not change— the observations are made by the ordinary water-reading scale,Self-
reglatering water readers are not in use,The sarlier introduced minimum and maxime
um vater readers had not given results,yet nothing was undertaken for their improves
men%, Considerably increased ie,,however.,‘ the number of measurements which are be-
tween 15-20 and 35-40 & yeer, The measurement of water amounte is dome with the hy-
drometric screw,Provisionslly,measurement had been aleo made with a floaterj;but
this was abandoned,As & method for the measurement of water amounts they introduced
the chemical method or a method of matching,which is carried out at great turbidity,
After the information received from the gervice,the same method gives good resulis.
The measurements of the water amounts are made by determined schemes~ the speed ig
meagured at 0,2 ¥ (from the surface), at 0:6 N, and at 9;8 N, end the average speed

is calculated by an adequate formule, Actually,this is an abbreviated method for

. ) - 7
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doing the mea.nurementtbaﬂdr the 'Snrvice mast f\u'ther exymﬁ.q’e: this scheme,or general-
ly the a.pnlicp.tibn of u:o'cher é’chemeoit glves: good, r,nultn In this respect 1t must

be considered that the Service has made hagte wtth (p.zo) the application of the abe

. '

breviated methods,without checking them, Regretfully,, even up to the present time,
the megsurement of the high wa.ter amounts, rnpect"uly of the high tides bas not
definitely improved, Thusowater amounts are not meapured at different water stands
of high tides. When the importance of the form of the high Qater is considered for
the planning and for the genetic estimation of the water passage as well as the more
preclse estimation of the water passage ltself it must be thought that this is &
serious omission in the Service,the more zo because ,with the present day's setting
of so strongly emphasized centralization, the facilities are present,

The messurement of the drift is at 104 points,Question arises only about
the muddiness since the question on the trailing drifts in general*is in the stage
of research wlth reference to both the organizations and the methode of the work at
toking samples and elaborating the results, It must be noted however that even the
pamples taken for muddiness do not characterize the same since on oneg hand the muds
diness of high tidesc is not studied, and on the other hand lndivid\;al samples are
taken during a certain 1nterva.1“of time, This explains the marked underestimation
of muddiness at points at which a considerably greater muddiness is expected, In
general,yin this field there are seriousomissions and the servi.ce ghould take steps
for the rapld solution of this problem,

One of the problems which have not been zven attempted to be solved until
now 3.8 the one about the underground waters which has a great economic importance
for our countrys That which has been done is due to the initiatives of a few among
the planning organizations to which the problem is.of special interest, but this
is only partial-. 1t concerns a specific reglon, and the investigatlons will 1ast
a certain time until the data which are ne‘cesaarvy in reference to the planning have
been evllected, This problem remains cpen in front of the Servicej,and it is walt-
ing for its solutlon,(*FOOTNOTE; By & Decree of the Ministerial Council urged in
the EMS, a subdivision was organized which will organirze the studies 6f undergreund
waters),

11 ACHIEVEMENTS

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/05/29 CIA-RDP81-O1043R00270019001 1-6 B



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/05/29 : CIA-RDP81-01043R002700190011-6

P 23 STAT

- -
L I I . . R I @ e s e e D e - -

Aeh Fou pew P O R o
11, ACHIEVEMENTS,
.’.;J‘l-lv, AEG

In the Servlce'.,.. the subjest-matier sciieanti‘f"i.i'.} plan has been regularly placed
and tied together with tht; ‘;aont actual hydrolo'gico.l pro'ﬁlomsg in connection with
the building-up of the water engineering construction enterprise ,and the servicing
of other sectors of the Economy, Thusgpriority is taken by the problems about the
water passage(course) in the separate river basins, problems on the drifts(method-
ology), on the coefficlients of the ruggedness of the rivere which, in addition to
the hydrm:.li.czﬂ.,.J alpo have a great hydrological interest, the problem about hydrol-
oglcal predictions ete,

1% must de expecteci )that the sclentific workere of the Hydrologicel Sec-
tion will go to their scientific sessions with finished achievements of their own
elaboration,

After 1%e union with the Central Meteorological Institute in the year 1952,
the Service started to publish the review "Hydrology and Meteorology"(p,2l) which
%0 @ certain degree is the continuation of the review entitled "Bydrology". The reva
iow Journel 1s well compiled,and therein are contained reflections as well as achie-
vements of eur hydrolozy and meteorology, even the achievemente in the U,S,S,R, Cer-
tain original studies are also published, but less in number, It ‘seems slgo that
this review will rise to the place which it should have and thet it will reflect
the meteorological and the hydrological ideas in the country.In the review journal
place is algo given to problems which hzve greater practical slignificance,

The Service and the Sclentific Research Institute(Its Hydrological Section)
have not come out until now with publications of substantial importance wbhich would
help in practice.Yearbooks were published about the water stands for 1941 and for
1942 vhich 4s actually a econtinuation of the publication of the yearbooke of 1940,
Ip this yearbook the old structure hag been retained, Yearbooks were also published.
for 1936 end 1937 which contain the water amﬁnts in a tabuleted form.The yearbocke
before 1940 were put intog press,

A chart was compiled by the engineer R,RUSEV with :lsq.?line: of the moedulus
of wafer passazes s0 that the data on the water passazas fror 1935 m?ﬂx 1955
have been used,By the same author a chart was aleo complled on the water—passage
coefficients in the country for the same period, The two charts were also examined

by the sSclentitic Council,snd the recommendation was given to print them with a few -3
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cotrectionno but until the present time this a}r!u not done, We think that these ih;r;s
TTLEDALIT uld

which repreunt tho ﬁrct approximntion of thou Valuu for the entire country/wuld
©onridos edi ok B

get a2 publicity, with the .Yhom:n 'occuional deﬁ.ciencielj their subsequent revision
will deal, A Co

In the current year the Service was agaln reorganited.- the Scientific Ins-
ditute was constituted,'rherevith,;he Service 1teelf is getting detached ,together
with 4ts operative work also, from the purely scientific work in the fields of mete
eorology end hyirology,It must be remarked that,with the constitution of & sclent-
ific institute and with a proper selection of the persomnel, greater achievements
will be obtained, Such are also expected for the operative services which at the
moment are working after instructions,

The problem of the peraonnel(the cadres) in the Hydrological Service is a

consideration
very acute one.Above all, a,/proviaion mst he made that the Hydrological Section
does not have the facilities for specialization such as had been available for the
people to become meateorologues, In spite of this, the hydrological cadres which
work in the HMS(Eydrological Meteorological Service) have incresmsed their gqualif-
fcations coneglderably,

The problem of the lower cadre has not been solved well, I think that the
district workers must be entrusted to techniclane and that the regional workers
mast be increased in number, The engineers cadre in the provinces is very small,
Grepter nuinber of subdivisions must be crested—- a form must be found how they

occupied
are ca.lled.,and/engaged by engineers,We cannot be satisfied with 4 regions and with
the regionsl director not having the chance to test and still less %o take part
in the works which are done in his region, With smaller subdivisions and with more
in number which will be occupied by engineer-hydrologlsts the director wlll have
%0 personandly perform a series of studies and investigations of physicopgaograpl,»:

ical and of meteorologosclimatological i nature, This way,the decentrellzation

will bring results which now, with the weak competence which the responsidle func-

tionaries now possess in the districts,cannot be achieved, (ps22)

Generally, about the lats period, i.e,, the perlod after the unification
of the Hydrological Service with the Meteorological Institute the following may
be sald:~. thanks to the cares of the Party snd the Government great attention has

bhen pald also %o hydrology and to the hydrologlceal studies,and for the provision
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of the Service considerable means have been granted,0f this care,the governmental

documents also give evideiée by which the problem of its future development is
solved,Such trend of development was unthinkable before 9 Sept,1944,and its main
reagon 1ig the radical aifferenca in the attitude of the National Government toward
the building up of our water engineering construction enterprise which before this
date had been in an smbryonal and incomplete form of existence, The results which

heve been achleved until now must be confirmed and enlarged,

¥II1, SUBJECTS FOR THE YEAR 1966,

Hydrological Prediction.

¥SHORT TERM PREDICTIONS FOR TEE DUNA RIVER", The toplc is timely and neces-
sary in connection with the navigetion on the Duna River, With the data of the year
1955 an attempt is being made at improving the data obtained until the present time
by the accepted methods,

a) To the problem:"Rogime of the river run-off',

We obtained snd established the dependences and relations between the dis-
tribution of the run<off and ¢he weather, the altitude above sea level, the gsogra-
phical latitude,the Mediterranean and the continental influences and others on the
basis of which an attempt is being made to determine the seasonal distridution ef
the run-off and the beginning of the hydrologlcal year,

1) Regime of the run-off of the Arda River.- By the balancing method,the
relations of the run-off of waters to the physico-geographical and climatical fec-
tors were obtalned, On account of the unquelified nature of the dats there are cer-
%ein difficulties,

¢) Regims of the runcoff of the Viicha River,- The regime of the Vycha River
wae esteblished, including the chemism snd the drift regime. The empirical(deduc-
¢lons ) relationships sbout the influence of distribution within the year,which is

o gradient of the water collecting region, have been concluded,

GI

==

% ok Mok Kk xR &

In the planning organisations of “Water Project® and Energy Hyéroproject®,

speclal sectione were created for the needs of planning which bave the purvose of
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elaborating the hydrologicel data. required for planning the water economy mea -
RICHRTE S s ayaon aldute
sures, In connection with this, a number of hydrologica.l problems arlse which are

Lo puEns P v o wanr L : .
> of deciaive importance, a.nd on their correct utimtion depends the ltabiiﬂ;;“'of

the euqipment as well as the economica.l 1nterﬂst(;sn;ct) of the mepsure in genersal,
(P,23) In the engineering hydrology of the two planning organizations the follow-
ing more important prodlems are developed:

" 1, The problem of the standard of run-off,assurance and distridution,

2, The problem of high waters and wavesi:= assuraunce and form of the high

watery )
3, The problems of alluvial floating and drifting.

:~. 4, The problem of svaporation,

5, Problems in reference to the rainfalls,The intensity of rainfalls re~
presents here a special interest since a queation arises about the measurable wa-
ter volumes at the equipments which are not observed,

6, The question sbout the lengthening of the hydrological series{theoriest)

.

aleo stands out sharply,since these sets of numbers are very short to glve the char-

Y

acteristics and to be used with the balancing method for equelization of the run-

Y

0ffs,
In connection with thece chief problems on the part of the ‘specific organ-

izations, & number of requests are submitted to hydrology,resp,to the Hydrological

Meteorologlical Service which must be answered by the service.

Before @ September 1944, in view of the fact that there had been no special
hydro-engineering profile at the State Polytechnicum, neither was there a special
ghair for hydrology, A part of the material of hydrolegy was read under the title
"Hydrozraphy" at the Chair for Water Construction %o the students of the Construec-
tion Department,Immediately after 9 Ssptember 1944 parallel with reising the ques-
tlon about opening a eultural engineering department, the probelm also arose %o
create a Chailr for Hydrology, Such was provided as the Chair for Rydrologzy and Ey- R
dranlice,and it was opened on 1 March 1946, The followlng subjects were read by

the Chairs &) to the students of the Construction Depariment i hydroleogy 3 hours
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weekly in one semecter,when general hyirological questlons were considered in con-
nection with the practice of conetruction engineering; b) to the students of the
Cultural Engineering Devartment, & hours of lectures were read on hydrology(2 sem-
esters, each 3-3 hours), and in addition to this, 2 hours of lectures on meteorol-
08y, 2 hours water engineering, and one hour water cadastre, In consequencejafter
the Water Englineering Faculty epened, the Chair for Hydrology and Hydraulice was
divided into two chairs—- a) for hydrology and meteorology, and b) for hydrauliecs,
Therewlth 1t was intended to get larger specialization of the members of the two
chaire,in regard to the heterogeneity of the disciplines, With this division, the
aubjeet of water engineering went %o the Chair of Water Supply and Canelization,
A% the Chair of Hydrology, lectures have been also read to the students of the Con-
struction Faculty-- for hydrology and hydraulics as well as to the students of the
Mining Geological Institute«s for hydrology and hydrometrics. In view of the fact
that ftn eur country we do not have a special hydrological profile which would cre-=
ate the speclalists required for the practice, the Vater Engineering Faculty has
been charged with reading hydrology in a widened type.(P.24), It must be kep: in
consideration that this slso applies as to the condition of hédrological TeR6ar o
ehes in our country which are not at a high level and almost each water engineer
must be cccupled with working out complex hydrological problems which require a
greater comoetence in the hydrologieal relations than in these countries where
the hydrological foundatien ie better guaranteed, In the U,S,S.H,, svecialized
$op-level acholarly institutions are avallable where engineer hydrologues are pre-
pared who carry an edequate part ef thoss studies into practice and are reliev-
ing the water engineers themselvee, In our country,too,the opening of ¢his specis
alty has been considered,but it was determined that about 3-6 persons would be
needed every yearpend because of this 4% had not come to en opening,.The rols of
hydrology has not been sufficiently appraised, and consequently in the State Poly--
technicum it came to the susvension of the subject of “Water Cadaster®, and after-
warde the subject of meteorology has been glso discarded; and it was at thie moﬁént
when in the U,S3S.R, the problem sbout the new trends in hydrology vas submitted
t0 discussion where the genetic method stands at the firast echelon; At the present
time, hydrology is read %o the apecialist water engineers in two semesters in 3
bhoure weekly( for the specialists of the Water-Improvements Construction and the

Hydre-Electrical Construction), while the speclalty of Water Supply and Canalize-
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tionis atitending one course in one semester with 4 hours weekly A% present, lectures

on hydrologzeate:slso read to the students of the Mining Geological Facully spe-

oohe
o M T
st (.

%
1

clalty of Hydroogeology--, 2 hours weekly, while exercises are slso additiona i}
done in one hour weekly, To the students of the specialties of Industrial and Civ-
41ian Senstruction, and of Roads and Railroads, lectures on hydrology and hydraule.
1ca are read in 3 hours weekly, lMoreover, jectures are also read to the students of
the State University-- specialty of Geophysics and Meteorology,—— in 2 semesters in
2 hours weeklys

in e main course that is resd to the students for the specialty of Hydrole
ogicel Meteorological Service and Hydrol-Electrical Service, the followling meters
inle are entered: )

1) Introduction; 2) hydrography of riverss 3) hydrometrics; 4) climaiolog-
{cel factors of the run-off. of waterss 5) application of mathematical statistics
%o hydrology; 6) vnderground watere— hydrological problems} 7) water run-offs and
methods for their investigation; 'B) extreme conditions of the run-off; 9) alluvisj
10) hydrologicel predictions 11) methods for performing water-economical studies
(regulation of the run=off); 12) water cedaster; 13) dynamics of the small river
gurrents).

The five hours provided in the program ere extremely insufficlent for the
consideration of all these gquestions the more s0 since the course of hydrolegy al-
so includes meteorology{ in view of the climaticp factors and the water cadaster),

The underastimation of hydrology as a scientific diescipline,which has a
profound significance for our national economy and especlally for the building uwp
of the water resources, is brought to the point that the Cheir for Eydrology and
Meteorology slso includes the subdjects belonging to another chair— for the utile
szation of water energy, Therewlth hydrology is deprived from the chance to Aevel;
op as an independent discipline, Rydrology, wbich originates by the Great Octodbrist
Revolution and is one of the geophysical disciplines which have their own (P,25)
methods snd muet have their own independent way of development, is reduced to siay
as a supplement of one of the practical water engineering disciplines? I believe

that this shall be well understcod and that the Chair will be restored, the more

8o pince the preparation of the gtaff of the merged two chalrs is heterogencus,snd
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there ig no benefit from this merger as thelr year o0ld co—existence indicates,
Lectures on hydrology are slso rerd in the Geographical Faculty-- for gen-
ersl hydrology,hydrometrics snd hydrology of the land.In this rzlation I think
that the speclalists of thls profile may be considered as suxilimries feor the hy-
drologues in practice at the elaboration of the physlco.geographical side of the

hydrological problems,

V.PUBLICATIONS,

In general, in the field of hydrology we do not have many publications
which would comprehend the verious hydrological problems,The reason for this is
that the hydrological personnel in our country has been formed in & comvaratively
ghorit period of time,and at the moment an exact bydrological basie which would serve
as basis for hydrological research is completely missing, Until now the following
publications have been made:

1, On the hydrogrsphy of Bulgariae- Prof.A.ISHIRKOV,1S01,

2. Yearbooks for the hydrographic observations in Bulgaria , 1924,1925,1926.

Yearbooks for the hydrographic observations in Bulgaria 1934 = 1840,

&, Yearbook for the hydrographic observatione in Bulgaria, 1941,

5. Tearbook for the water amounts of the rivere in Bulgaria in 1935 and

in 1937.
€, Yesrbook of the Dune Measurement Service with the Direction of UWster

Reports, vol,l, 193701940,

7, The swamps in Bulgaria-- Prof,G.BOHCHEV,

8, Floods in Bulgaria-- Engineer B,ANGELOV,1943.
9, The catastrophal flood of the Rosica River in 1939,
10. The runoff relations of the rivers Tundgha end Topolice— Engln,

YA, ZELKOV,
11, Avolice%ion of mathematical statistics to hydrology-- Engin, IV MAVROV,

in the 18v,BIA,1941,
12, Rev,"Hydrology," 1950; Rev,"Hydrology and Metesrology¥,1952,1953,1964,

1955,1te publication is continmued.

VI.HYDROLOGY IN THE BULGARIAN ACADEMY OF SCIENCES--
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The TECHNICAL IWSTITUTE B.A.S-
In -the Bulgarian Academy of Sclences(B.A.S, ) hydrological problems-are elab-

orated at the Section for Water Economy in the Technical Institute, Here are worked
up the problemsi-- on the regime of runoff of a few of our rivere; bydrology of the
River Beli and Levl Iekyir, the problems of heavy rainfalls, the problems on the
statistical computations in hydrology, abbreviated methods for measurement and in-
vestigation of the "progressive hydrological series".It ghould be noted that the
lack of a speeial list of hydrological employees does not give a possibility for
complete development of the hydrologicsl work. A special seciion must be created
.for hydrology at the Technical Instifube which gection would take up the elaboration
of the mest acute problemas in the fields of hydrologyi- water balance, the alluvia

(sedimentation), the hydrological forecasts,etc.

CONCLUSIONS.

In its development,hydrology in Bulgaria has not mede such achievements
vhich would completely satisfy the requiremente of the water engineering construc-
tion enterprise.Before 1935, the work had been done in an extremely unsyctematic
way, aud caly in 1935 did the period start which gave resulte that were used in
practice, This was however etill wholly unsatisfactory.The present needs urge the
Hydro-Meteorological Service, the Technical Ins¥itute at the Bulgarian Academy
of Sciences, the services for engineering hydrology,etc,,t0 have a more purpnseful
regourse %o a larger,greaier,all-enveloping investigation of the hydrological prob-
’1emsnwhile complate coordination is established between the works of the institutes
and chairs and services and the Bulgarian Academy of Sciences.in connection with
this,the following problems arises

1. The Hydro-Meteorological Service (HMS) must reorganize its supported
hydrological network,and must pu$ it upon a completely sclentific foundation,

2, The HMS will elsborate a scientific methodology for the investigation
of hydrological phenomens,ss it conforms with the schievementg in the U.5.S.R,

3, With reference to the practice, the HMS must give the primary data in
a form that will permit the use of these data without resorting to additionsl
2laborations, before making the data more precise, as the corresponding services
for engineering hydrology revise them in regard to their goals,

4, The services for engineering hydrology at the planning organisatiocns,

wlth regard to their svecific engineering hydrological problemiD must also organ-
o \\
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1ze their own operative network.The colposition of these services as well as their
material basis should be widened,

B.At the hydrological researches, especially of the HMS and of the sers
vlees for engineering hydrology,one should apoly the genetical method for the pos-
28ibility of which the necessary data are there, since in regard to this theEMS is
reorganizing 1ts network and its researches,

6,To uee three basic methods in hydrology:~ standard, reconnaissance, and
lsboratory methods,

7, To open exoerimental hydrologicel districts, balencing stations, and
hydrological exverimental quartere, To pay sattention to the non-investigated elem-
enini= underground waters, svanoration, and alluvisl drifts,

8. To restore an independent Char For Hydrology and Meteorology at the En-
gineering Construction Institute,

9. The Hydro-Meteorological Service should regularly prin%¢ its hydrologic-
al yearbooks and publications, ~

@ = o

(next article starts on next page)
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(P.27) ENGIFEER; RADOI PAPAZOVS
NEW TRENDS IN THE DEVELOPMENT OF HYDROILOGY.

Before the start of this century hydrology has not been a separate sci-
ence, Certain knowledze on the hydrological phenomena was taught in the courses
for water communications, irrigation,etc, The existing institute and establish -
ments had been messuring only the water stages and water amounts of the rivere and
of the sea in connection with water transvortation, and primitive irrigation and
the utilization of the water snergy.

later,with the growth of the needs for the engineering sclences and with
the developmentof the science on natural reservolrs and on the action of water on
the land surface, hydrology began to assume a shape as a separaste sclence with its
own methods of research,

C:mplete contents of hydrology as a doctrine on the total action of weter

p2

uwpon the surface of the Earth , amccording to Mo,A,VELIKAWOV , had been given the

first %ime by the Soviet Union in the twenties of ihis century, He believes that

hydrology as & unified and total sclence beceme differentiated after the Great Oc-
tobrist Revolution which orought to 1ife the nanycnided and total exploitation of
the water resources of the country, and therewith chances were also opened for the
development of hydrology,

The hydrological science has grown out form the needs of the practie of
vater engineering and by satisfying the needs of ¢he latter, it rightfully demands
ite independent development,

Any science and any branch of knowledge which has for 1ts final gosl to
support Man in his efforts at subjugating Nature, to give him the chance to study
Nature, also to enable him to rule Nature, is a useful sclence,and iis existence
2 Justified,

The existing features of hydrology as a science are included in the follow-
ing: 1) its object ia the water regime of the land on the whole, and not only 1ts
separate element=- the runoff; 2) it studies the origin and development of water
regime ,and its elements for the pempose of regulating them; Z) it is closely re-
lated with the practice of the soclalistic construction enterprise, and it ig a
baglc discipline when planning the water engineering structures; 4) 1ts task is

to discloge the regularities of water regime,
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At the present time, the development of water economy puts such a task upon
hydrology which to solve correctly will require its full development as a separate
science,and as such to also elaborate the very small hydrological probleme which

&8 separate links are participating in the solution of a number of huge practicel

P

paskes. (P.28) The socialistic ec;nom'.lcal eystem lends & plan-like charscter to
hydrological researches, It sets up the problem on the complicated utilization of
the river basin for the purposes of water transportation, of energetics, of water
supply, and of irrigation. Such combined usage of the water resources puts the mod-
orn engineering hydrology upon new foundations and requires from it & new solution
of the existing water-economical tasks.

Ia the field of engineering hydrology,the Soviet research hydrologues have

achieved great successes, They successfully combine the genetic research of the

vhenomena of runoff with the mathematical elaboration of the results obiained from

the observations,when they are widely using the physico-geographical means and the

profound mathematical anelysig,:

The high standard of Soviet hydrological sclence,compared with tﬁe inves.-
tigations of the bourgeois research hydrologues, deserves special attention, Noth-
ing would we learn from i¢ by applying it mechanically in our country,since our
rivers and reservoirs have their special conditions,

In the directives of %the Sixth Congress of the Bulgarian Communist Party
and the Decree of the Government and of the Party about the further ralsing of the
rural economy.etc,, a number of tasks were stated for the assimilaticn and the ize
rigation of 8 million decares(1/10th of a hectare) of agricultural areas, for the
improvement of 5 million decares of high-meuntain pastures, for the construction
of & zumber of energy sources, dams,etc, The correct solution of these tasks re.
quires the full exploration of the water resources in our country,

To correctly and adequately develop the water resources in the country,
complete and relisble hydrological dats are needed, We cannot construct water en-
ginesring structures, irrigational and drainage systems,without studying in ad-
vence the hydrology of the given water source,without improved and deepened water-
economicel research,

By the complicated investigation of the elements of the runoff and of the

factors cendlitioning 1i¢,the prerequisite is created for planning and congiruction

@ 50-Yr 2014/05/29 : CIA-RDP81-01043R002700190011-6

Declassified in Part - Sanitized Copy Approved for Release



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/05/29 : CIA-RDP81-01043R002700190011-6

of the hydrological structures upon a s0lid basie,and therewith also for the lol.=
g Lok 2

wtion of €he taske charged by the Party and the Government to our water economyb

K3

In reference to such stated tasks 1t 1s essential to clarify the methods

and the formulas by means of which the regime of the riparial runoff is determined.

48 1t i@ well known, to define the regime of a water source it 1o neces=
sary to determine; 1) the normal runoff; 2) the size of runoff and its variation;
3) the annual distribution of the runoffs 4) the characteristic high end low wat-

ers,
For the definition of these elements of river runoff, a number of methods

{analytical and graphical) and formulas are in existence,

A% the determination of the normal ranoff or of the average annual runoff
for a sufficiently long period( sbout 35 years) one must(p.29) start out from the
data of the hydrometrical observations and must determine the relation to the equa~
tion of the belaace of waters, The normal runoff and the annual end intraaanual
distribution of 4% are mome of the mest important characteristics of the rivers,
and they serve as basic values of departure in water economical investigations
and plannings of water engineering structures,

Another extremely important problem is represented by the investigation
and determination of the maximum waters—- the catastrophic flocd wave, They have
& rather different characferosince they contain an element of chmnce,and they des
termine the destructive capability of the river, They must be approached by an-
other method,cince they start out from the physico-gecgraphical peculiarity of
the dralnsge area snd tae probable occurrence of a torrential rain of very great
inteasity or an intensive melt of the snow covera,

The minimum waters in the summer period are velatively more steady values,
They depend upon the precipitations occurring in the summer months and upon the
accumulation of the ground water of the vernal and winter periods,and they demsnd
the smallest economical femand) effort for their regulation and control  with re-
Eard to the needs of irrigation, The within the Yyear distribution of runoff great-
ly depends upon the physeico-geographical characterietics of the drainage basin and

upon climatological conditions,
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At the determination of the normal of runoff as well ss at the determina-
tion of the meximum and minimum waters, three cases may happen at the present time:
1) where we have a sufficient number of observations and measurements on the regims
of the river for a longer period(35 years); 2) where we have a shorter period of
observations and measurements (5-10 years); and 3) where no kind of observation and
meangurement is available on the regime of the rivers, In the first case,the srith-.
metical average value of a number of meagurements is used so that, by means of the
method of mathematical statistics, the error of deviation of the observatione from

the standard (Q)(ioeoothe standard$ error) is determined,which we add to jor de-

duct from, the arithmetical average Fy'®

yg”“ta‘m G;

e
s

In the second case, the method of analogy is used for exirapolating the se-
ries,and then we deal with a prodlem as in the firet case; in the gbsence of any
kind of observation we are uaing ithe large number of empiricel foermulas, graphs,etc,

The existing empirical formnlas include different factors such as the drai-
nage basgin and & number of other factors which depend upon the climate and the phy-
slco--geographical characterietics of the drainage area, without investigating thess
factors, however, Different authors have given different interpretations to the
coefficients. They received different results Decaugse of the fact that they eladbor-
ated olements for different basins,

Here we mag mention the empirical formulas for the determination of the
norwal runoff by M A,VELIKANOV,D.L,SOEOLOVSKI ,B,V.POLYAKOV,and by P.S.KUZIN, and
the one for the normal of the maximum rate of runoff by ELESTLIN, NIKOLAI, by ZBRO*;
ZHEX and PROTODTAKONOY,

{0.30) According to M,A,VELIKANOV and D.L.SOKOLOVSKI,the normal runoff is
glven by the equation ho =¢{x0, depending uoon the normal rsinfalls and the an-
nual sverage loss of moisture from the asir of the drainage basin,

The normal runeff sccording to B.V,POLYAKOV and P.S, KUZIN,is given by the
same equation hovever,for the &coeff‘icient of runoff these authors give a differ-
ent value and structure of exvression,Similarly,S.N.KRICKI and M.F.MENKEL are ex-
pressing the coefficient of runoff in the loss of moisture.

The best conformity with the observations is obtalned by the formala of

B,V . POLYAKOY 9

asdo
Q
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' in case 01' en insufficient number of observations, the normal runoff is

-~ VoLl
L S 2 Vb

TyEeS
determined by means of e comparison related to the neighboring adjacent river an-

alogue,
The river runoff is chiafly a product of the climatic elements--precipite-

tion ané. evaporation——,which ,devending upon the various physico=geographical pec-
vliarities of the drainage aren, will give one or another kind of runoff. Therefore,

more accurate is the method which uses the equation of the balance of waters,

y2 x=s5tu
where x is the aversge precipitation for maeny years,which has occurred in the drsin-
8ge ares, 3 le the average evaporation in many yeers, u is the fluctuation of the
underground water storage, and y is the runoff,

We will consider this method in greater detail since at this time it is
the only one which gives good conformity between the river runoff and its condition-
ing factors,

A% an investigation of river runoff by the method of water balance, a seri-
es of difficulties ars met with:—— the determination of the evaporation, of the
transpiration from the vegeial cover, and mostly the fluctuation of the stored un-
derground waters in the imnermost parts of the drainage area.In support of the lat-
ter investizations, the works of F,A MAKARENKO and B,I.KUBELIN are coming infto se-
count which also open favorable porspectives for thg genetlcal quantitative deter-
mination of the underground supply of the rivers,

The equation of the balance of waters is composed of two partas a) an in-
come part into which enteri—— precipitations falling on the surface of the earth,
condsnged water vapor from the atmosphere, water from underground tributary which
comes over from the adjacent drainage ares; b) a part of expenditure which consists
of i= surface runmoff, evavoration from the ground, and from the water surfaces, and
transpiration from the vegzetal cover, underground runoff flowing inte foreign drain-
age araas.

Or, the equation of the balsnce of waters consists chiefly of precipitation,
runoff,end evaporation x 2 y-ﬁu-s f‘,&a ,8nd a part of Av that represents the
storage of reosorve moisturs in the drainags ares,

A number of Soviet hydrologists have investigated the latter clement.Thue,
for instance, G,P.KALININ and D.D,LIKHOLETOV propose the following relation between

the annual runoff snd the rainfall of the Upper Volgas
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YTE X 831.-!:, 0,7D x, wvhere Du S 0,74 D x

This computation of Du 1s made on the basis of the fact that the evapora-
tion is teken for constant thru the years,and on the basis of the relation of Du
%o the difference of the precipitatione during the summer period(June-Sent,) of
two gubsequent years,

According to D.L.SOKOLNVSKI("River Flow"- 1952),%this assumption is corres-
ponding %o the reality though in an incomplete way,but it reférs ¢o the Volge basin
which 1s in the zone of a surplus humidification,

This value of Du namely gives a variable charameter %o the runoff,and it ex-
presses its annual ver@ation,while it leaves out of sight the fluctuation of the

rainfslls,

With the supposition that the resexve of the underground waters is belanced :
in a longer perlod,this equation could be admitted in & simpler form: Ry = Yot=2g0
which reoresents the ration beitween the average pluriaﬁnual value of the precipi-
tations, the runoff and the evavorailon,

The method of water balance stays on the basis of the genetical methoed and
it creates a connection between the elements which are conditioning the river runoff,

At investigating the variations of the annuasl runoff in the hydrometrical
data,the method of mathemstlcel statisilcs 1s used, By the curve of sssurance,cal-
culated by Lte three parameters, Q,,0y aad Cy,the assurance of the average snnual
ranoeff is determined,or that of the maximum and minimum waters for a given veriod.

The celculation of the curve of sesurance is done by the tabulations of
S.R.RIBKIN in which are given the relative deviationg from the average ordinate of
the binomial gurve of assurance &t C, = 1, and the different perceniages of assur-

ance,
After the construction of the empiricel curve of assurance by nesns of the

formula ne 0,5 .om

p= 100 or p'8 ———
2 % o PS o, 1008

for the corresponding aseurance the observed values=~the modulated coefficients,
are put down, Thi way a check ig made how far these poinis are dispersed on the
theoretical curve,

Tor the Palculation of the normal &s well as for the extreme values of the

anpual averagese- maximm and minimum values.— or the rulwff, the formal statisgtic-

al method is used which is dlacussed at present,
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Thies is the method of the mathematical ststistice about which more will

be said noméﬁha;;latero

Another method,which has lateI& arisen, is the genetical method(analysis)
of the phenomena and of the river runoff.Only in the last decedes,by using the dia-
lectical method for analysing and exnlaning the hydrological phenomena,did the Sov-
let hydrologists etart the studies of those factors on which the formation of the
river runoff and its genesls depends,

In recent years,the elements of runoff,the normal of runoff,the maximum
and minimum of waters,were placed upon the genetical basis as a mutual relation-
ship is sought between the factors which condition the river runoff and the runoff
itself,

(p.32) We will briefly stay at the various theories of the formation of the max.
imum and minimum waters and of the normal runoff which may be grouped in a) em-
Piricel formlas, b) formulas which are determined from the regime, and c¢) hydro-
mechanical theories of the runoff, d) voluminous formulas which account for the
entire form of the flood waters and not only for the phase of the maximum(D,L,
SOKOLOVSKI, . River Flow,1952),

One of the theories on the formation of maximum waters is that of Prof,
V.F.SRIBIN, He hae independently worked out the theory of runoff in 1937-40 ,when
hs outlined the drainage basin and the curves of the sub-supoly of ranoffs,which
according to him could have three forms ef incresge-- rectangle, ¢triangle and
parabole,By taking into consideration the intemnity of the vrecipitation and

the curve of the supoly, Prof,SBIRIN obtained the formula,

Gp 8 16,7 %S’/ SD ¥, and later after

& number of revisioms,he cams up with the formula,

0 SCPENMF mifsec.
Other theories of runoff are also available as that of ProfODUBERIRA;
of Prof.ROSTOMOV and Cend,Techn.aciences I,D,KJURDUMOV who all are proposing dif-
fereat outlines,particularly the las% mentioned by starting out from the river

neiyork,
But a1l thess formnlas,though they include a few physeico-geogravhicel,
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climatologicel,and other factors,remain entirely empirical formulas in vhich the
relationship between the factors of the runoff and the runoff itself 1s expressed,

On account of the nature of the formation of maximum vwaters,the formation
of maximum waters on one hand from the snov-melt,and on the other hand from the
heavy rains must be separately considered,

Along with the method of V,F.SRIBIW methods and formulae are in exlstence
oy Prof.A.V.0GIEVEKI, Corresponding Member Prof.M.A,VELIEANOYV, Pof.D,L,SOKOLOVSKI,
and others who provose different schemes end formulas,

Prof.A.V.0GIEVSKI propoges the following formula for the territory of Uk-

raine. S.S.R., and more particularly for the Dnepylr River:

0.023 AF m

= &
K L @?Tﬁﬂsl 88Co
G0t va) T ¢
which contains a number of parameiers thet express the influence of the different

climatological and physico=geographical factors,

Thus, 8.8, ,1 expresses the influence of the drainage area uoon the runoff,

the duration of the running-off and of snow-melt, the slope of the river and the
declivities, the hydrogravhic length of the river,and a number of o;her parameters
which reflect the forest coverage and the swampiness of the dralnage area,the co-
efficient of regularity aund the coefficient of reveatability,

Prof.A,V.0GIEVSKI also gives a number of formulas for the maximum waters
at torrentlal rain in which ¢he jnfluence of the various factors of the river run-
off is expressed.

{p.33) Corresp.Member Prof.M.A,VELIKANOV ;a8 he starts from the dynamics of the
aurface zunoff,ie dividing the drainege area by lines which unite the spots with
jdentiesl time of flowing,called 1 s 0 ¢ hrones,

A% this scheme of the drainage g{ggoMnAOVELIKANOV notes three cases for
the %ime of flowing:- 1) when we survey the Tunoff for a short period of time
during which the underground sunoff does not succeed in reaching the river; in
such & case in the equation of the balances of waters the underground runoff is
taken as & Loss,In such a case 1% is characteristic that M.A,VELIKANOV,aside from
the dynamics of the surface ranoff,also starts from the equation of the balance of

vaters,-2) ¥hen in the drainage area we also have sloping parts on which the surs
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face runoff ie almost absent and all the fallen rain goaked into the soil.- 3)
When in the drainage area we also have e steep terrain where the entire fa}len
precipitation ie running off,without feeding an underground runoff,

While he is using the equation of the balence of valers,and including the
influence of the separate factors of runoff, M.A,VELIKANOY arrives at a differen-

tisl equation which he then puts into the following formlas

%g‘*f’?jg S aBuee

M.A,VELIKANOV pointe out that the paximum waters of the sno-meli represent
an extremely complicated set of phenomena which may be divided into three maln pro-
cessesic 1) melting of the snow, 2) inclined flowing off of the melted waters, 3)
movements of the waters which were formed from the melting of snow,downwards %o the
rivers and reinforcement by the water masses coming from the side. VWhen he divides
this complicated set of phenomena into eeparate processes, Prof.M.A,VELIKANOV ap=
proaches the genetic analysls of the phenomena of the ri;rer runoff.

when he coneidered how the maximum waters are formed from heavy rain M.A.
VELIKANOV thinks thet $he following matters represent relatively rare phenomena(
1,2,, falling of rain with gresat intensity and duration over a large drainage area
is rare), That is why the runoff of & storm represents & practical interest only in
reference to a very small drainage area which is fed entirely by rains, According
%0 him,the maximum waters of a heavy rain must depend uvon the size of the area
affected by the rainfsll,upon its duration snd intensity, The maximum waters othe
form and their size depend upon: 1) size and the configuration of %he drainage &=
rea; 2) the direction of %he moisture-laden winds; 3) the width of %he rain-bear-
ing clouds,and 4) the poaition‘of the cloud in relation to the point of survey as
i% is seen, with 2 number of meteorological peculiarities.

When he proposes the method of the imochrones M.A.VELIKANOV obtains a basic
squation for the storm runoff.This equation and the formula for the runoff of snow-
melt is successfully used in the Central Institute for the forecasting to a number
of smell dreinage areas,

(p.34) D,L.SOEOLOVSKI ia 1937 came out with the formla,

0.75

ngap‘ﬂ‘

w’ /eec,
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and more recently Q 2 A, FOo™ p s p3/secn

which has acquired a wide use, In exchange of this it has been simplified and it
gives account of certaln phyeico=geographical peculiarities which make it approach
the formulsa of gen~tic analysis.D.L,SOKOLOVSKI lately has new investigations and
formulas on the formation of the runoffs

Qe 200 BaF_ o 0,28 HUEF

3600 &, . £ m°fsec,

n

Ian 1951,A.D, SAVARENSKI published & new method for the study of the river
runoff which he constructed upon & genetic basie.

For the examination and calculation of the river runoff A.D,SAVARENSKI
proposed the followlng groups of datn as basic and init¢ial:=l) chsracteristics of
the weather snd the climatic conditions of the drainage ar;a(prediction for the
flow of the rains,temperature,moisture,etc.),or the probably possible tyoical cher-
acteristice of the weather; 2) characteristics of the drainage area(relief, soil,
vegetal cover,forest cover,hydrological conditions,and their changes in the veri-
od of investigation); 3) investigation of the conditions of the drainage area &t
the beginning of the period of measuring; 4) existing and newly established reg-
ulatlions and methods of computing the process of advancemeni of the air moisture,
ovaperation,runoff at the slopes,and the icing of the river, accumulation a&nd
formetion of moisture, inflliration of rainfalls into the lower strais and their
gabting to the surface of the ground in the forms of springs; 5) actual data on
the runoff,

On the besis of the speiified data,s number of prevaratory works must be
done,and they are:

1, FOR THE CHARACTERIZATION OF THE DRAINAGE BASIN: a) elaboretion of the
models of the runoff of the drainage basin( defining the areas of eupply, the ways
and the time of runoff of the water particles and the areas of their outflowing);
b) composition of schemes for calculation of the dralnage area(their division into
bagically generalizing types,clove,and determination of the percentual comnosition
of theso t{ypes in regard %o the varicus varte of the dralnage area); c) dlivision
of the area into %ypes,ravins hydrological zones, and d) finally,division of the

rivers into sections,
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2, FOR THE CHARACT®RIZATION OF THE CLIMATIC CONDITIONS: a) establishyent
of the gcngr;l type of course of the coming of the precipiteticn upon the ou;face
of the dreinage area and the probabllity of this line of coursej b) and an outline
of dividing the investigational period into ssparate sections of tlme,

On the basls of some new studies of the laws and methods b; vhich the mous-
meat of water is followed by the slopes and the goil,the following methods are
available: a) simplified methods for dstermingiion of the wolume of the accumlated
moisture,of the seepage and of the runoff at parts of various types of the drain-
age areas, for the different main storages of moisture, of the intensity of (p.35)
of arrival of water and tributary from the side; and b) reference tables for the
quick calculation of runoff &% concrete conditions of tyves of nlopegprevins and
other parts of the river network for a given year's time,

According %o A.D,SAVARENSKI, the ratio mest be sstablished which exprecses

the process of runoff in dependence upon the slements of water balesace at different

tyoes of conditlions, or

Hzy z8.v'o5) 3 5, =yl XK .5 ead VO s;(xpwovusb)

where %he velus of the runoff is M. The underground waters (Sp) and the. storage of
rumidity &% the end of the observaetion period(Vi') are determlned as the function
of the complex of the local condltions(X) ,of the value of the tributary which comes
from the drainsge area(MV), of the main storage of humnidity in the drainage area
for the observation veried,and of the humldity arriving from the atmosphere(sb)°=
precipitation,ete,

The mlculation of the runoff consists in the following solution of the equa=

t3ion of the balance of waters of the form,

Mz M5 - 54 (70 =T,
With the aid of the sbove relation the water balance is determined for the entire
drainage sreas for 1te surface and underground portions and the dynamics of move-
ment of the water masses is traced at a given time by the coverage of the entire
drainage ares, '
when the determination of runoff ig summed up this way and the time of cal-

culating the surface and underground runoff is counted together the runoff curve of
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the waters coming from different parts of the dralnage area ie constructed.

The scheme of A.D.SAVARTISKI for the calculation of the runoff,in epite of
its complsity snd the few deficlencies which could be avoided at a more detalled
eiaboration, revresents & step fi:::rd at the investigation of the river runoff
on the basie of a genetic analysie of the phenomena which are sheping 1%,

From what was said above about the differsnt methodas for the calculation

of river runoff,1t is clear that two trends are basically in existence = the first

<=the formal statlistical method of investigation, end the seconde= calculatlon and

investigation of the river runoff by the genetic method and analysis of the phenw

omena of the factors which ars shaping it.

2. ESSENCE OF THE FORMAL STATISTICAL METHOD AND BASIC
METHODICAL SHORTCOMINGS.

The employmegt of mathenatical statlstics and of the theory of probability
at the investigation of the variations of hydrologlcal phenomena consists therein
that the curve of distribution is determined for the statistical values which re-
present the chsnce phenomena to find the coefficient of variasnce and of asymmetry
oé the number of observatione, and thereafter,on the basle of the parameters Q,,
~?008n %o construct the curve of assurance which is ¢he integral form of the curve
of distribution, By mesns of the method of mathematical statistics, in a day’s time
not only the variations of the water runoff are determined(p,.36) but aleo a few
exireme walues of the normal runoff, of the maxlmum and minimum of waters, by in=
troducing %the aspurance,

The method of mathematical statistice has found spplication the firet time
in 1914 by the American hydrBlogist Allen HAZEN in an article:"Determination of
the regulability of water reservoir for municipal water supoly",

Ia 1930 it was imporied into the Soviet Unlon by D.I,SOKOLOVSKI,and it wes
elaborated by S.N.KRICKI snd M.F.MENKEL, Characteristic is for it that the investig-
ations are resting directly on the direct messurements of the river runoff,

"By setting cut on the road of empirical investigation of the laws"e~ assert
¢ N.KRICKI and M.P.MENKEL-<"we are compelled %o reduce them %o a system of situa-
tions and %c work oup hypotheses justified only in such = case in which they in

themgelves are corroboration of the observed material®,
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These hypotheses fnclude the following situations:

i) The Law of the annual cycle of the runofanppearing a8 & xeflqe%iénﬂof
¢he ahif$ of aseasons throughout the yeer.

2) The hypothesis zbout the subordination of the annual fluctuation of pha-
sic homogeneous values of runoff %o the Law of Large Numbers,

3) The postulate of the invariability of the average normal and the Law
of varietien of natursl river runeffs unaltered by human actlion during this period
(of not a great length) in which the effect of the engineer structures is nod sub-
stantial,

Such are the prerequisites from which S.N.KRICKI and M.F.MENKEL started
out with the theory of the regulation of the river ranoff with which they introd~
uce the assurance of the latier.The curve of aseurance reflects a number of prope
erities of the statistical combination.But what is & statistical combination, It
is & combination of objects or phenomena whlch,by %he determined signs, do not re-
pregent snything congeneroue and homogenoua,

A% an invesSigation of the hydrological phenomena we can never suprose
that anyone of them by their eigns is homogenous and congenerous.

Heither ehould we forget that even the most complete statistical descrip-
%ion gannot give the completeness of the studied phenomena wsince at its descrip-
tion the phenomenon is examined out of 1%¢s normal relations with the surrounding
medium.But there is something elses- the characteristics of statistice do not of-
fer o vossibllity ernd they cannot direcily egtablish the existing relations bet-
ween the phenomens and their ceusative agents.

The employed values of mathemstical statistices may take different signif-
jcance 8o thet the occurrence of each of the significances will correspond with a
definite probabllity.Such values represent the chance event,The juxtaposition of
the significances $o the chance values and the corresponding significances of
the probabillty of thelr occurrence represent the Law of the distridution of
probability of s given event,

{(p.37) These are the inl¢lal elemants of mathematical statistics at des
ternining the river runoff.Now we must male ourselves acquainted with the natural

phenomens, aad with the factors that are shaving them,
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In hydrology we may consider two kinds of phenomenas

a) complicated events,which represent mass combination of the elements or
of the simple physical phenomena, snd b) complexel(lyndromps) of events or of phes
nomena,which consist of mase combination of complicated events.The river runoff
and 1ts shaping reoresents a complex phenomenon. An element of chance may be col-
lected in the elemental simple phenomena,in their regular structure which reores-
ents elements of hy°rologicel events,These elements 1ln every investigated phenom-
enon reoresent such a heterogenous combination,and their chance character has &
more or less influence upon the phenomensa,

M.A.VELIKANOV( see his Hydrology of Land,1948) thinks that for the differ-
ent categoriee of phenomena s corresponding gporoach of statistical analysis should
be found end that for the determination of the curve of distridution one muegt start
with the regular depen‘ence of ¢hs elementary physical events,

The complex events represent a definite combination of the heterogenous
events which are theoretically unrepeateble{non-repetitive) Each one of the evenis
may happen only once,Ia two different rivers,the same high waters cannot be ob-
gerved, but even in one and the same river two phenomena of the same high waters
canuno’ be repeated either qualiiatively or quantitatively. The gathering of stat-
istical meterials in respect of such complex events as the high waters from a heavy
rainfall ,from melting of the snow, %he deformation of the river bed and meny oth-
ers,will eayhoy be finsufficient for the determination of the probability of their
revetlition in a quatitative relatlon,

MoA VELIKANOV thinks that the complex events mugt be dismembered into a
1imited anumber of simpler events for & few of which the curve of digtribution, des
duced directly from the observed data,may be obtained aporoximately better, ,

Thus,for instance,d, A,VELIKANOV thinks that we have no possiblility to con=
stTuct She curve of distribution of the maximum waters of the spring high waters
2t a given section of the river when the cbgervetions have hesen only conducted for
a few decades,which is %eo short a period to have the curve of distribution sim-
plified, However, 1f we gen=ticelly divide a given complex phenomenon into simpler
ones,vhen we study sevarately the curve of distribution for the temperature in-
cresse in the inveatigated period and district,it is poseible,it is even thought

that bebtier results will be accomolished. And this is even more possible since in
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thegse elements the factor of chsnce may be aﬁ;sse&‘to 8 considerable degree,Also
in both csasen’we dre limited by a given drainage area of the river,and we; May Lon-
duct anpfvations of different parts of a physlco-geographical district,and there.
after the so obtained curves of distribution( reflecting the chance element in each
phenomenon) are combined with the method of hydromechanical{p.38) enelysie of the
process of runoff of the melting waters on the slope &nd in the béd of the river,
And in this way,by taking into conslderation the physico-geograrhical factors,we
shall determine the runoff of the river,
Wot all hydrological events should be consldered as by chance, The forma-
%ion of high waters by heavy rainfsll has & chance character in a considerable de-
S gree,and especially so in smell drafnage areas, as the chance character iz present-
ed by the chancy falling of the heavy rainm however the average annusl runoff and
the ninimum runoff are of a rather different character,Even the high water resulting
from the snow-melt does not represent an event which would be qualitatively and
quantitatively identical with the high waters after a heavy rain.The high waters
of snow-melt are conditioned by the intensity of melting of the snow and the run
of the iemperature,

Tor the vossible utilisation of the statistical methods when amyone of the
hydrological phenomens is studied these events must be genetically homogeneous,i.e.
of an equal origin.When the conditione of homogenelty are not observed,this will
lead ip no matter which may be the case to inevitsble mistakes occasionally to
vather siznificant cnes,

At the present moment,the deviation of the snnual runoff from its normal,
the determination of the minimum and maximum watere is done by the wethod of math-
ematical statistice,by basing it unon the curve of the Pearson III Tyve,yet with;
out %aking 4nto account the fact that ites employment 1s wholly formsl.

We ghall svend some time on & few peculiarities of the method of mathemat-
ical statistics which show how it is formal and inconvenient for the determination
of %he different characteristics of the runoff,

When we investigate the characteriastice of the two paragmeters Cg and Cyowe
mugt understend what accuracy they are calculated with, The value of the probable

error is theoretically given ounly by assuming thet the normal distridution, as
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in genersl it cen be confirmed by cases, decreases with the gquadrate root of the
number of observations,

The American hydrologist FOSTER has computed the probable errors for C, and
Cg with the supoosition that the data of observations on the runoff follow the theor-
eticel curve,These data are given in the following tabulation from which 1t iz evo
ident that with 100 years of observation the error at the determination of Ga is
from 8% to 11%, In our country commonly we compute the curve of assurance by the

observations of 10-15 or of 20-25-yearly perlods, at vhich according to FOSTER

the error for (.‘.s reaches the order of 29930% 80 that when we are talking about riv-

ers with observation periods of 5-10 years the error will reach 70-80%,

LEGEND of rubrice of TABLE on p,38: 1) number of yearsy 2) Error at C; ia
percentage; 3) errvor at cﬂ in percentage.
{p.39) Ws could also determine such an error at the calculatlon of ¢, and C, oy
the ebgervations of ocur rivers ,by the studies of Prof.Boris MARCHINEOV, by means
6% the advancing series where for the given series the coefflcient of variation
C; varies within greet extremes in the advancing period into which different years

enter,
From thisg it is evident that at the calculation of the ordinates of ¢he

curve of assurance the coeffielent Cs is uged,computed with error that may reach
up %o 30% with 20-years® observations, but,at smaller number of observations,it
may reach up to 50-80%. This eircumstance will not meke us confidenmt in the accur-
acy of the determination of these parsmeters,

The American hydrologist Allen HAZEN hes computed the value for 50 Americ-
an rivers with observations for 25-28 years,and he has established the ratio of

cs/ Cy %ﬁ 2

This ratio %akes on values from 1,03 %o 1,70 which values are less than the value
yhich Pearson gives as obligatory,

This is still a defect of the method of mathematical statistics,

On. the basis of the data from 31 points with observation years of 33 te 38,
VoL, SOKOLOVSKI arrived at the conclusion thet,for the computation of maximum waters
of the ordinary rivers in the plains,ths corrslation G, = 3 Gy eould be accented,
and for the mountain rivers 0j 3 4 C_. These correlations are however determined
on the baeis that ¢he value of anas well as the curve of assurance,will in the

best way corresoond with the empirical meterial,
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From all what'has been 0aid as far,it is evident thet the methods of math.

N UREY THs

ematical séafistics used 7or the computation of the curve of assurance and the lat-
ter are subject to doubt,ond they do not have the necessary sclentific proof at
$he investigation of the river runoff,They are however used as approximations in
the practice,

At the study of the physdco~geographical factors and in result of the hy-
drological analysls of these factors we shall further obtain good results if we
determine the relations between the weter runoff and the factors which are shaping

i3,
Here is what B,V.POLYAKOV(in his booksHydrological Analysis and Computation,

Hydrometigdat Publ,,1945) ie saying about $he method of mathematical statistice
a2ad about its formelism:" Furthermore ve remark that among some of our hydrolog.
iste there is enthusiasm for the theory of probability and for mathemstical stat-
istics,Such an extreme statistical trend gives g lopsided development %o science,
ard it harmfully reflects upon hydrological studieacl few hydrologiats are spend-
ing their Qhole time and activity in the false conviction that the chief thing in
hydrological researches is exhausted in the determination of Cv and Cs"0

From the analysis of the method of mathematical statistics which we have
made we may arrive at the conclusion that it is formal and that in hydrology(p,40)
the main thing 1e not ¢he computation of Cy and Cgo8nd particularly of the curve
of assurance,

S.P.AVERYANOY( in his book: About the Soviet Hydrological Science,lgvest,
USSEB,Dapt, Techn, Se, ,¥6,6,1952) point out the following basically erroneous posi-
ticns in the formal statistical method at the study of the river runoff,which we
ourgelves have also found on the basis of the avove exposed statements?

1) The formsl st=tlistical method,when it is using the theory of probabil.
ities op one hand snd when it is accepiing observations by chance and mechanical-
1y without thelr explanations on the other hand is denying the individual scien-
%ific nmethod oflknowledgeazthe dielectical method,according %o which the chance
events are such events which result by necesslty in a chancy ,indeed because of
not simultanecus,operation of the factors that are conditioning them,This method
staris from the chancy fluctustion of water runoff,without esvecially elucidating
what this fluctuation is due %o, -

Instead of dlsclosing the basic relations and the oppoeltes in the water

runoff and the elements that are shaping i%,c< which requires the dialectical
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method at examining the events of Natures-,by thinking that the runoff is a com-
plex combined physical phenomenon,the formal statistical method is taking into con-
pideration one sign only, the magnitude of the runoff,when 1t 1s exgécting that
the events will be arranzed by chance, end it is remalning in derk without{ knowing
how %o advance,This element,taken ss a number torn out of any kind of physical g
gense is elaborated by mathematical statistics after whieh the empirical curve of
distribution is extrapolated to which ecurve the observations ere anproximately
gubjected,and by the curve of assurance the probable repetition of a given mage
nltude of zrunoff 1s sought for,

Reall¥y,isn't it evident that if we only use the runoff &8 an obgerved num-
ber,without taking into consideration all the phyaicoageographicalbgeologicalnan@
climatological factors,we would get entirely wrong results3? Thug,for instance,at
the determination of the runmoff in the karst-type localities,baslow which the wa-
ter reading ia made, we had not have s true idea about ¢the runoff,its magnitude,
ond i¢s distribution, This is also true at the diversion of a portion of thé riin-
off into channels for milis,fulling mills,etc, Observation of the runoff by read-
ing the water below{beyond) these equipments had not given e true plcture ,and the
formal statistical wathod did-mot rsach the actusl course of the runoff,

The neglect of thess circumstances will lead up to the erroneous idea on
the entire runoff of the river,.-not only in respect to its normal,but also in
regard %o 1¢s varlation,

2. A% the inves$igation of the water reglme of the rivers,the forwal stat-
1stical method takes for its subject the magnitude of the runoff as a NUMBER when
1% tears off the quantitative half of the process form 1ts qualitative half,

For the illusiration of this, let us otop at the formaticn of high waters
from heavy rsinfall sud from snow-melt, These are two different phencmena which
the mathematical statistice assumes as ideniical(p.4l) when it takes the quantit-
ative side of the phenomenon only. It is not taken into consideration that the quan-
titative phenomena are ceused by wholly different quelitative phenomens,

Finally,the zunoff of water,represenied as a pumber,only gives the quantit-
ative characteristice,without letting us heve an 1dea about its qualitative side,

&nd furthermore,is 1% possible that the formal statistical method eould
angwer the problem of what may cause ome or the other runoff of a river in one or
more years when it starts out from the hydrometrical observations cnly? In our

ovinion-— NO,
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(p.41)All these ways of investigating the off have a more or less metaphyelc-

. . t
al character;they. are non-scientific,and their use by the progressive hyd;ﬁ:g}g._gﬁjica

.

al science mugt be restricted.

3) The formal statistical method essentially denies the idea of the change
of %he river runoff.S;N.KRICKI and M,F.MENKEL,in their.work of regulating the riv.
er runoff,start out from the postulate of the invariability of the average normal
and of thevariation of the natural river runoff,and they arrive at the invariabil-
1ty of the latter,which denies the ldea of dsvelopment and change of the runoff.

Bt not only this, At examining the river runoff,by starting out from the
obgervations for separate years,the values of thr runoff are torn away from each
other when 3% is thought that they are ohtained by chance without an interrelation
betveen themaelves, It is known however that a relationshlp exists between two
years,or & number of years.,at the determination of the average angual and the an-
nnal runoff.For’each year,an equilibrium exists between the elements of the water
balance.The annval runoff,considered as an element of the water balance together
with ¢he underground and surface runoff,obtaine a characteristic strictly in re-
lgtfon to dynamic laws of a number of climetical and physico-geographical factors.
Their interrupted changing and movement is also conditioning the persistent chang-
ing and fluctuation of ¢he runoff,

4) The formel statistical methed does not follow the interrelation of the
river runoff with the general water regime,sinca under water regime not only the
river runoff is understood but also the underground runoff,the molstures,the eva-
poration etc,

5) The formal statiestical methed cannot satisfactorily solve the question
of regulating the water regime of a given river;it does not give ths prediction
of the mnoff,,sit,lc.ezit gtarts out from the prediction of the factors which are
gshaoing i¢.

e must mere precisely define the concept of the formal statistical meth-
od_Under this we understand a msthed which,at the investization of the river run-
off,uses the hydrometric observations only,without looking for any cerrelation or
reason of them in the remaining other factors of the runoff.

A distinctlion mzst be made between the magnitude of the yunoff .- the nor-
mal,the maximum and minimum water quantities,

s s rm—— e el e e, -
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The steering of the processes of Nature(including the river runoffe also)
is only possible when the required relations are known which are conditioning the
processes.Only at such a case(p.42) is a scientific provision possible, This is
where our forces must be directed %o and ¢his is the kind of method which must be
used in the research of Nature®s phenomena,

3,THE ESSENCE OF GEN™TIC ANALYSIS METHODICAL BASIS AND DEVELOPMENT
OF THE GENETIC M¥THOD FOR THE INVESTIGATION OF THE RIVER RUNOFF,

What is the essence of the genetic method of investigationz

Under ¢he concept of genetic method one must understand the method which
takes the task of studyinz and utilizing in ite investigations the existing rela-
$ions between the formadire factors and the phenomena of runoffs end the task of
detecting the laws,the origin and the development of the water regime,

The genetic methnd,contrary to the formal statistical method, is surveying
Nature not as a chance-wiss accumnlated mass of objects and phenomens,forn out of
connection with each other,but as phenomens which are sssociated,which depend up-
on each other and.gre in continuous change,

By thisg position,the sriver runoff cannot be conslidered as an isolated phe-
nomenon,%orn away from the factore which are influencing its shaping directly or
imdirectly,

The factors which take part in the formation of the runoff may be divided
in%o %wo groupsi- into eonstantly acting and slowly chanipng such as the physico-
geographical ,psdological ;geological ;etc, conditions,=~ and variable factors such
a8 are the climatic factors, The latter factors %e which belong the precipitations,
temperature,and eveporation are unsimblejthsy quickly change and also cyclicaily.
They are the main faciors of the runoff.the remaining physico-geogravhical factors
are only interrupting,one way or another,the main factors, By using the meteorol-
ogical and hydrologlcal predictiong,scienmce may disclose the relationship and may
egtablish the correlation botween the separats simpler phenomena.The meteorolog-
ical phenomena however variable they may be,are all again subordinated to some
lavs,and they do not run indiscriminstely in Nature, However, these phenomena must
be studied,and ¢he relationship mugt be established between them and the runoff,

Thus,the dislectic materialism is surveying things,and,by being guided by it, the

gonetic method must consider the phenomena at the investigation of the river run-
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of f by the same method.

It should be remarked that at the hydrological investigations of rund';ff
the various characteristics of a future yunoff are of no interest, In other words,
we must provide for the runoff of s given river,but not through the sssurance ac-
cording to my opinion.

How and by what method would this becoms possible; What date and what Gype
of relations are we using in %his investigation?

The data of the obgervations on ¢the runoff,the rainfalls,the temperature,
and 80 on,do not give a possible basis that,by means of the existing dependences
and relationships between them,we covld start out from the past for ¢he provision
for future phenomena,They do not make it possible that we could calculate the av-
erage monthly and the average yserly velues,the varlation of the annual(p.43) run-
off,its dynamics or,transferred upon graphs,fo %rack down its changes in the course
of & given period,The elements of the runeff ars originated in different waye and
by different factors.

The computation of maximum waters should heve been based upon the basis of
Elelzazi ca) genesis since all those factors are used which condition them, Here,the
qualitative aspect of the phenomensa has an influence upon the quantitative side.
1% is not indifferent in whet wsy end how the maximum waters originate,which the
formalistic statistical method is unable to detect or solve,

Fature and the river runoff cennot be considered as a siatus of rest and
immobility,of stands®ill and invariability; they must be regarded as the status of
direct movement and change(STALIN), The method and the staging cannot be corredt
when gome natural phenomens are assumed to hepnem by chance., The river yunoff 1is
formed by definite factors.lt depends not only upon the precipitation fallen in
the year but also upon the amount and volume(size) of the underground runoff and
upon & number of still other factors.

The attempts at makinz the examinatlon of ths river runoff from the equa-
tion of the balance of waters eare correct and the only euccessful method, since the
the water balance includes the whole cycle of ohenomena which comnrise the oroc-
egees of forming the river runeff,

Thus,according to V,P VALESYAN,on the basis of the regularity (under anal-

ysis) of the distribution of the components of the water balaence in general and of
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their factors in particular,it was determined that slmost ell factors which influ-
ence the runoff,and especially the amount of precipitations, the temperature of
the air,the strength and the direction of the wind,the atmospheric pressure,the
golar rediation and others,and even the human water economical sctions, are relat.
ed o %he altitude above sea-level of the vlace.The disposition of the main moun-
tain peaks,crests and the remaining forms of the relief and thelr direction,the
absolute and ralative altitude shove sealevel of the separate riparial drainsge
areas influence in a definite way the distribution of precipitations and evapore-
tion,and thereby aleo the runoff,

What relaftions exist between the different factors and elementas and how do
they influence the river runoffz

Here,we will discuss scme of them,Thusg,e.g. there ig a relation between
the temperature and the altitude above sea<level between the altitude above sea-
level and the precipitstions. There exists a relationshiv beiween the temperature
and the deficit of humidity,and hence alpo the evavoration,

On the precipitation--rain or snow--the temperature has an influence where
the rain or the snow,fallen upon & %terrsin,mekes the amount of runoff different or
slows down its formation,The influence of %he temperature on precipitation turns
out %o be also an influence upon the runoff,The directlion and sirength of the wind
exerciges an influence upon the formation 6f vprecipitatione,upon the evaporation,ic.

The brusque change in the conditions of the runoff alzo comes when there
is change in the temperature of the air and of the ground at itz transition through
freezing degreeg in the fall and in the spring, and also in winter time at the
freezing of the rivers,freeeing of the ground,etc.

(p.44) With vivers of the mouniain type which are fed from glaciers or
from large snow covers,the course of temperature has great influence upon the for-
matlon of the runoff,Our highomountainous rivers have different course lines in
comparison with those of the plains,Their maximum significance jg seen in the sum-
mer months,

One of the components of the equation of the balance of weters is the sum-
mary eveporation,The evsporation of a given territory depends upcn many factors,

Especlally imoortant factor which influences the process of runoff is the
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deficit of humidity which determines the evaporationend iteelf 18 dependent upon

the temperature,

That is why the basic climatic faclors which influence runoff are the pre-
cipitations,the temperature,and the evaporatlon,

These as woll as a pumber of other correlations between the elimatologicsal
slemente and the runoff are in strict regularity and cycliclty(pericdicity) and
they must be kept in view st the invegtigation of tha runeff,

_As an example we msy glve the researches of Aﬁg} OGIEVSKI who gives & num-
ber of graphs on the relationehip of rumnff, precipitation, and evaporation when
he uses the equetion of the balance of waters,Ho(in his book:Hydrology of the Land,
1951 ,Selkhorgie) gives three baslc cheracteristics between thess svents:

1) Direct raiio between runoff and precipitation and ¢he almost constant
gmall change in the value of evanorabtion,

2) Harkedly expressed relation between evaporation and precinitation,with
2 amrall depende;ace uvpon precipitation for the runcff(River Oka )

3) Rether sheroly expressed relationship between precipitations and both
runoff and evaporation{River Elba).

A ba.aic relationghip snd regulazity between. the climaiic elenents amt is
also the relation betwjeen the runoff and & number of physico-geographical factors.

The size,the form,and the direction of the dralpage aren exercise & con=
glderably large influence upon the volume of runoff and its distribution; sspeclal-
iy large is thie influence upon the formation of flood wave,

Eowever,%he larger the sirface srea of the drainage region ip,the smaller
45 the likelihood to have precipltations falling all over the entire region,or
%o have an ogcurrence of simultaneous melting of the snows.Otheryise the snow meli-
ing ie possible since it is in relation with the temperature and the altitude ab-
ove sea-level,and in altitudinelly homogenous drainage sreas it is more probable
%o have a large front fo snow-melt, These influences reflect upon the formation of
high waters which are ceusing catastrophes.With the heavy rains for high waters,
the intensity of precipitation is of imporiance; at the melting of the snow covers
-« the temparature and the hot currents of air are deci sive,

The relief of the terraln has also in influence upon ¢he dynamics of the
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dynamics of the runoff,The steeper is the drainage area and the greater is the
plope of the river bed,the higher is the gpeed of the flow-off and the smaller is
(%he ghorter is) the time of the runoff,Influence ig algo exerciged by the ground
and the plant cover,

(p.45)The relisf however also has another significance.It influences the
distribution of precipitations since the prake are driving the air masses to rise
$o different directions.

The forestation,wvhich represenis & surface of great roughmness,retaing the
water, reduces %he passage of the surface runoff enlarges the seepage and therewith
it reduces the time of the flow-off.The forestation(if i1t consists of tall trees)
elso influences the microclimate,it csuses ascendant air currentg;it retains the
meisture-carrying currents,snd it helps the falling of the precipitations,

The plant cover,in the process of i%s vegetative 1ife, is conguming much

water from ¢he ground,and at the same time 14 exhales as much water into the at-
moesphere,

The ground and the plant cover influence the dietribution of the runoff,
of the surface and the underground runoffs which again in their ¢urn will influ-
ence %the gorrelation between the high waters in the spring and the average gummer
suncff of the rivers, The forestation reduces the average snnual runoff %o & con-
giderable degree,

In this way,the influence of forestation is also different:-~ some factors

which have influence upon the feeding of the rivers have g positive,and others a

negative effect.Forsstation also exercises an influence uvon srow meliing,and kence
also woon the surface runoff,The runoff is aleo influenced by lakes, swamps and
glaciers,

The subterrapean feeding of the rivers is in close relationship with the

density of the river retwork.It is in dependence upon the relisf the precipitations,

a
the ground,and the forestation,The lergexr/poriion of the precipitations reaches

the river bed through the underground runoffsthe sialler are the surface water runs &c,
MAN with his action at changing Neture is elso changing the gurface area
of the drainage regions,and hence tthe course and the flow-off of the runoff.He acts

wpon the natural runoff §n the bed of the river when be congtructs a number of
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structures dame,and other measures o regulete the runoff.He changes the plant

cover,the area of forestation,and the swamps, the composition of the ground,the
sharacter of the surface runoff,as well as the direction and way of the rumoff,
Hence,the significance which the action of MAN has as a factor conditioning the
river runoff is evident,

Until now,we pointed out those complicate setiings and the complexity of
¢he phenomena at the formation ef the river runoff the diversity of the factors,
their action and the existing relations between them,Only with complex surveying
of these actions in toto would we have a complete scientifically grounded research
of the runoff,

In §ts researches,the genetic method starts out from the ecircumstantially
baglc study and elaboration of the regularities existing between the vhenomena of
Nature,But these regularities must be studied in deteil.The actlons of the basic
factore mast be etudied between which the regnlarities exist,This is the diree-
%ion in which the eyes of the hydrologlsts must be turned when they are studying
the phenomena of the runoff with the aid of the genetlc methodffl/ .

In support of the method of genmetic analysis,the opinion of a number of
Seviet hydrologiets should be cited such ass D.L,SOKOLOVSKI,(p.46) who maintaine
that * the fluctuation of both the maximum and minimam annual runoffs in accord-
ance with the weather may be considered as by chance, i.e,, &8 & basla of the op-
erating factors whiech are go much changing with the weather(vhose law of flucth-
ation with the weather is not accurately known at this moment) that their com -
bined action and obitained regularities can be studied by the method of probabil-
ity 2t a given phase of the development of hydrological science However,these
values,as well as the values of the maximem and minimum waters to some extent,
do not appear chemcy since they are strictly based upon complex physico-geogra-
ohical conditions, The mutual relation and the matual reason of the latter must
be studied by the genetical meihod,and the apparatus of mathemntical statistice
must be uged %o such extent as it is neceasary to use in the elaboration of the
observed data.®

" Thie way,the methode of probability and the sististical methods are as

suxiliary methods in studying the change of the runoff in accordance with the wea-
ther,The basic method for the ressarch of the runoff as a magnitude however,
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in gtrict dependence upon the elements of the geographical landscape, is the dia-
lectical method of lesmrning the mutusl relationship and the mutual dependence be-
tween the phenomena®( River Flo,p.116,1952),

And furthermore:"The gimplicity and the standard character of the methods
of atatistical calculations-. sufficient for all engineering-- will in many speci-
alints create the false impression of the supremacy o6 these methods,the false i-
dea that they are indevendent methods of research, and hence also their fetishi-
gation and the giving an imperfect accoun$ of the substance of the p!enomena ' =
{FOOTNOTE:D. L, SOKOLOVSKI s On the genetical and statistical methods in hydrology.
I12v AN.SSSR, Sect.Techn,Se,, No,5,1952),

A.V.0GIEVSKI thinks:® ,.that the method of mathematical statistics must
uvndoubtedly serve as one of the means in the procedure of hydrological investiga-
Slons,but the substance of the problem on river runoff must be investigated upon
a genetical basis",*=(FOOTNOTE: A,V.OGIEVSKI: On the application of the statist-
ical end genetical methods in Hydrology.Ibid., Ne.l, 1952),

And indeed, If the genmetic analysis is not confirmed by the corresponding
elaboration of the actual} date,it may become scholastic,but the statistical elab-
oration ;finished without & genetical analysis, may become formal and is such a one.

-3

In the discussion that occurred at the Technical Department of the Academy
of Sciences in the USSR on the distribution and %he development of Soviet hydrol-
0gy,the scheme of A,D,SAVARENSKI was put to scrutiny. It reoresents,as we had alse
mentioned sarlier, a study of the river runoff on the basis of the equation of the
balance of waters, by dividing the drainage regiona into zones with determination
of the underground,surfaces-ravine and river runoff, and also 1% thus examines ¢he
{p.47) supply feeding of the runoff,the transient and underground flowing waters
ef the surface level, This scheme investigates the process of runoff se as it is
formed and as it comes %o 1ife, N.A,KOSOLAMOVA ¢hinkeg that this scheme investig-
ates in a most general case the study of the runoff,but it is not deprived of a
wethodical hasls and that in Nature one a8lsc meets with a great variety of dif-
ferent types of drainage regions,

Ia hyfrologlcal resnect, the proficiency of the drainage areas is different,
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There are well-investigated drainamge areas vhere the genetical anslysis may be umed,
but there are alego such which are not studied in any direction. N.A.KOSOLAMOVA PRO*
poses that a number of typical schemes should be slaborated by the genetical meth-
od vhich may serve as instructions in further investigation carried out on the phe-
nomena,ete, Each ‘Of the drainage areas consists of slopes,and she thinks that the
slope repregents the combination of different characteristics for the homogeneous
conditions of the micrcclimate in the valley.

This wey the so determined conditions for the slopes may be united in groups
ond the inveetigation may be completed on their basis.

Others of %he participants of the discussions, as 8.W. KRICKI and M,F,MER-
KEL think thst the scheme of A.D,SAVARENSKI is practicslly unfeasibile,vhen they
writes” How could be pracfically determined the relationship and the elements of
the water balance of & given drainage areaj How could be measured and computed the
entry apd the division of the water into surface and underground pathweys, the evap-
oration from the ground, the transpiration from the vegetation,etc.? How could these
taskes be solved at pertition of the drainege area not by the water divide but by
arbitrary lines limiting “landscape zones" and “tgpical slopes"? How will be estab-
lished the distridbution of the underground level of wateri bow will be broken up
the drainage area into vertical gonee? and how will be determined the exchange of
moigtere belween themi®

in the discuesion, opinione weve promounced about the coexistence of the
statisztical method and the genetlic method, and about the impoesibility of their op-
position, A number of participants,however, as A,V,0GIEVSKI, D,L,SOEOLOVSKI, V.P.
VALFSTAN, N.F.AVFRTANOV,A,D.SAVARENSKI N.A,KOSOLAMOVA, spoke ageinet the poseibil-
ity of such a coexistencs,

In conclusion,on the basis of the above exposed facte,we can say that there
are esgentlal differences at hend between the two methods,and that on this account
it ig not even possidle to think of thelr joint utilizatiod, Another matter is the
problem of using mathematical statistics at the elaboration of the data of the ge-
netic method,This ig possible and urgent,snd in this sense a number of hydrologistis
have epoken.

It must be algo added that hitherto the formal statistical method hee acqui-

red large spread in the practice dus to the fact that 1f only uses the data of the
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phenomens concerning the runoff of the past and that therefore the required data
are not available in reference to the factors which influence the formation of the
runoff,the genetical method which (p.48) requires the elaboration of o number of
relationships and dependences between the factors that condition the runoff is more
difficult to use in prectice,

Qur rivers and river basins have not been sufficiently studied.Beside the
known date on the water stand and the water amounts of the hydrometrical nst of our
rivers and the precipitations,we do not have at our diasposal almost no other addi-
$ionally elaborated data of the elements of runoff,In our studies we widely wse the
formulag and the methods of the Sovietl scientific hydrologists,These formulas,hows
ever,are in reference to the Soviet Union,and they must be tested with the data'of
our conditions,

Ia the planning orgenizationa,the method of Fathematical statistice is used
for the drainage areas and hydrometric stations where we have observatione for at
least a slightly more protracted period of time az the observations are subjected
%0 critical estimation of their ceortainty.Observations on the water stands an& Woe
ter amounts of our rivers are in exkstence for periods of 15-20 yeers,

Along with the method of mathematical statistlics,the planning crganizations
also use the balance method({"Energo-hydro-Project),for which longer observations are
necessary. It gives a certain consistency and characteristic of rupoff vhen it uses
the courss graph and total graph of the course graphs for a longer period,but it
aleo has quite a number of defects,

A% the investigetion of runoff for small rivers and river basing which have

not been studied,and on which sufficient number of observations on the runoff are

nod available,our planning organigations use the Soviet formulas,without verifying

& number of coefficients in the formules whose values mgy be different under our
conditiona,.In such & case,in our planning organizations & number of dependences ares
looked for,withou? being able to elaborate them in detail,since we do not have a
geries of observations om the diffarent factors of the runeff,

A% the study of the regime of our rivers for planning of structures where
the observations are of 5510 years! perlod, cur research departments are endeavour-
ing,through prolongation of the number of cbgervations,through analogy and correla-

tion, %o use the method of mathematical statistics.
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The genetical method has glight application in our country for the reason
that the f&ctbrs between which relation exists have not been gtudied or not suffi-
clently well studied,and that the problem of studying of the physico-geographicalo
climaticel,geological ,and other factors hag not been put upon the required level
pnd with the required seriousness befors the sclientific research institutions.

in the Hydro!Meteorological Service,only the precipitationsl amounte are
recorded,as well as the temperature of the air, the strength and the direction of
the winds, the absolute and relative hunigity of the air, the thickness of the snow
coat,etc, The compactness of the snow is not meagured, neither are the number of
correlations followed up between the snow coat and the rest of the factors. The
front ond the rear area of snow melting is not studied, the relations between the
compactnessothickness,radiational property,albedo-- heat conduction and evaporation
of the snow,between the intensitiyof snow melting and the temperature are not stud-
ied and not investigated, ‘

(p.42) The study of the process of snow melting ,under our climatological condi-
tione, rapreseat an enormous study and practical interests not only for the spring
$ime high waters and flood weters, but slso for the establishment of the course of
the spring tims acuumlation of the humidity in the ground,so necessary for the ru=
ral economy.

4% investigating the high water of heavy rain,the intensity of the rain must
be known.Beither the Hg&roaMeteorological Service(EMS) nor the reat of the scienti-
fic research institutions sbudied and investigated with cufficient profoundness the
relations batween the length and the inteneity of heavy rains, betveen the length
the intensity end the erea irrigated by the rain for amall drainage sreas, The gelf-
recording pluviometers have been not sufficiently well placed,especially im the moun- '
tainous districts, %o make 1t possible %o follo; the course of the rain,ite ip-
tenaity and strengih.

A% the investigation of the aversge yearly or of the yearly runoff,in addi-
tion, Gata are necessary on the precipitntions and the evaporation,too, The HMS and

the rest of the scientific regearch institutions do not have gufficientodbeervations

at their disvosal on the deficlt in The humidity of the air; they do not have direct
obaervations of the evaporating surface of the water and land, located in the draln-

age areas, Deta of o number of etudles such as those of B,V.POLYAKOV and P,5.EUZIN
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on the computation of evaporation have not been determined nor investigated for our
conditions, The retaining power of the mountaing in respect of the gurface runoff,
the sbsorption and the filtration(secpage) has not been studied.We do not have suf-
ficient data on the investigation of the underground waters,their formation,their
volume,etc,

Conclusions.

vhen we start out from the methodological deficiencies and the formalism of
the statistical method, of their metaphysical position at the computation of the
valne of the runoff and of the reguirements of our water englneering construction
enterpriee, we have to make the following conclusions:

1. At solving the problem of the river runoff, of the average aunual water
amonnt for maximum snd minimam waters, it is not necessary that the method of ma-
thematlcal statistics and the curve of assurance be uged es the single scientific
method, but as an auxiliary supplemental ald %o ths genetical method,

2. The curve of ageurance may be used for the calculation of the fluctuation
o7 the runoff but ia the upper and lower enfs it gives unrelisble resulis which
ofven %imes may be migleading,

3, The construction of the curve of assurance ig on the basis of ungrounded
assumpiions between the relationship of Cg to Cgo

4, Our efforts et examining the river runoff must be combined with the me-
thod of geneticel snalysis(as the date of hydrometrical observations are uesed with
correcponding statisticed elaboration), with (p.50) the studying of the factors ,
their influence and the relations between them, with the research and considaration
of the hydrological phenomena.

5, Closer collaboration is necessary between hydrologists and water engin-
eers, meteorolegists, hydrogeologists, pedologists, and geographers vho jeintly
should solve a number of problems,should look for and detect the basic relations
between runoff and its factors,should systematize them and use them at the investi-

gation of the dynamics of the river runoff,

8, A scientific foundation and harmony is necessaery between the hydrological

and the meteorological metworks as well as to widen the network of the evavorating

gurfaces of water and land,
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{p.61) Engineer I,MARICHOYV:
SCIENTIFIC FOUMDATION OF THE NETWORX OF HYDROMETRIC STATIONS

1N THR PEOPLE'S REPUBLIC OF BULGARIA.

Preface

In the pregent work,the sntire problem of the hydrometrical network is ex-
amined the first time,and a proposition is made as to the number and the distribue
tion of the network of hydrometric statione over the entire territory of the People'sa
Republic of Bulgeria,

At the composition of this project for the hydrometric network,only the
mogb basic elemente are taken into consideration which influence the runoff,eince
it is absolutely impossible to pay atteniicn %o all factors which are taking par?
iﬁn its formation, while their great number ie well known,and especially those
very diverse corbinations which are me% with in Naturs among them,and hence the
great diversity comes in the ghaving of the runoff,

The maln principle at tke compilation of the project for the network of hy-
drometric stations iss- with a minimum number of stations to fully cover the hydrole
ogical characteristics of the entire couatry.

Thug,the composition of the project oaly represents & general scheme which
must be worked out inm detail locally both in reference %o the closure and the re-
moval{ trensfer) of the existing stations ae well as in reference to the oponing of
noy svabions,

Therein,the problem is investigated ebout the supnorting hydrometrical net-
work ealy, while i¢ does mo% exclude the pogsibility of the existence of a special
network of hydromeirical stations which could be opened mainly for the needs of the
different jurisdictions and couid have = rether temporary character,

To this specisl neiwork many of the gtations which are oroposed to be closed
and trancforred whouls be vasced over,

in this respect,the task of the work is chiefly to removed all sdmitted er-
rors et the creation of the existing network of hydrometric stetions which were
chiefly due %o the chancy and ungrounded opening of meny stations, and to give a
poesibility for creating a mretwork which will be im condition teo give data adeguate-

ly for a complete and total elucidation of the hydrological regime of the country,
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At the analysis of the solution of this charged task,especially valuable

help was rendered by the speclalists of the review V"Hydrology" (p.52) ef the Ineti-

tute and of the raview "Networka" ef the Service; they are engineer Rangle MINCHEV,
engineer Xiril IODOROV, engineer Stefan STFFANOV, engineer Alcksandr PETKOV, engin-
eer Gancho STOJANOV, Trifon STANEV,and station technician Vladimir GIDIKOV to whom

we express our sincere thanks,

INTRODUCTION

Water is an enormously vitel factor of Earth.It has been always playing an
important role in the life of ¥an,Originally,with the primitive mode of life, water
was ot the service %o satlsfy his elementary needs, But later ,with the develonment
of techunice snd with the orogress of culture,its use as a factor vhich 1s creating
welfare had been steadily improved, And todey,with the high development of the wate
er englaeering comstruction enterprise,iz elmort all of the more advanced couatries
we find sn endeavour at the most wide-spread utilization ¢f the waters for water
supply, irrigatiom, Zor procuction of electric energy,for water transvortatiom,ete,
In the vast,for all tynes of water usago--energy productlon,irrigating,water sup-
plying,etc,, separate water englinerring structures were constructed while today of
particularly great importance is the complex utilization of the water resources which
mekes the maximum effect Zor nationel econcmy since,at the given imveaiment of cap-
442l ,more than & few weter economical tanlcs have beem solved,

In eur country the problem of the complex utilizatior of waters for amelio
orztive, enargy productive, water providing, industrisl and for other economic goals
was set up at ite total range after 9 Sept,1944 cnly, The reconstruction of eur wa-
ter economy takes onc of the important places im the general plan of the quickly
develeoping sociallstic construction, since for the latter the water resources ef
the ceuntry are widely and im many ways utiilged, The development of the water ecom-
omy of our country imposes enormous requirements im respect to the hydrological mat-
erialg needed for the planning eof the new water engineering meagures as well as for
a rationsl exploitation of the erected structures.

without a geod hydrological foundation,however, even with technically very
well eleborated projects, unsatisfactory economical effects can be resched. An ersct-

sd structure may hapvem %o stay for a number of years without water,or it may net

be fully able to fulfill the functions wor which it had been degignated, and thege
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gtructures are frequently destroyedchiefly for the circumstance that the catastroph-
al watere had been incorrectly comouted. All this indicates the extreme importance
of the hydrologlcal researches for the total construction of the waters ever a';ivn
on territory.

The main water sources which Man endeavours to utilize are in the first nlace
the rivers,and then the underground waters and the lakes It ls characteristic for
them that in their uninterrupted course they ghow fluctuations, in some cases at
sufficiently large amplitudes the j1imi¢s ef which can be determined after systematic
observations over years-long periods( usuaily 25=35 years),called a Rorma 1.
Only the observations throughout such & cycle can give a clear idea(p,53) about the
variation and fluctuation im the runoff of a given vater source through the differ-
ent seasons of the year,snd ia the different periods of the year, Therewith,together
with tho examination of other elements of the water source,too,(turbulence, icing
phenomena,ete,) 1ts regime is determined,

Ia hydrology,the conclusione are based above all upon the statistical data
abou% the hydrologicel elements.Lately,the Soviet scientifie hydrologiste cleverly
began to combine the geneticel research of the phenomena of runoff with the gtatist=
i¢al elavoratiom,when they have been ueing widely the physico-gecgraphical means
end the profound mathematical analysie,

For the correct amd purposeful constructien of the water resources,complete
and serious hydrologlcal investigations are necessary,

Through the complex study of the elements of the runoff and of the facters
which conditien it,the complete characterization of a water source can be made,and

e given water engineering structure can be aleo planned and constructed upon a sound

hasis,
That ie why the water sources &g & national treasurs are the object of ba-

gic and systematic studies for many years which nre accomplished almost everywhere
by the State,These studies over a given territory or State are mede through creat-
1ng a metwork of hydrometrical gtations,The